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CLIMATE AND AGRICULTURE 
1 INTRODUCTION 

13,1.1 “It is intolerable that this worlc’ of the 1970's 
with all its scientific progress anc? its slowly growing sense 
of common purpose# should go on enduring a situation in which 
the chances of enough decent food for millions of human beings 
may simply depend on the whims of one year's weather". The 
Director General of the Pood and Agriculture Organisation (FAo) 
of the United Nations said this in a statement to the Press 
on February 1# 1973. The statement very aptly sums up the 
Indian scene and the recurrent years of low food production 
during the past decade are still fresh in our memory. In a 
predominantly agricultural countiry like India# national 
progress is vitally linked, with increasing production of 
agricultural crops. A major factor influencing growth# 
sustenance and. yield of crops is weather, in fact, weather 
is significant in nearly every phase of agricultural activity 
from the preparatory tillage to harvesting and storage. 
Successful farming, therefore# calls for appropriate 
decisions in relation to weather for choice of crop# sowing# 
transplanting# scheduling of Irrig.ation, fertiliser application, 
use of pesticides etc. A knowledge of risk duo to adverse 
weather conditions such as drought, floods, hailstorm, frost 
and environmental conditions conducive to pests and disease 
incidence is essential. 
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13.1.2 The Royal Commission on Agriculture (RCA) (1928) 
recognising the close relationship of weather and agriculture 
recommended that: 

"Much useful light would be thrown on agricultural 
questions if the weather data collected by the 
Meteorological Department were correlated with the 
statistics of area sown and yield of crops 
collected by the Revenue Departments. Agricultural 
Departments should make themselves responsible for 
. meteorological studies relating to the influence of 
weather conditions on the growing crop". 

In pursuance of the above recommendation, the India 

Meteorological Department (IMD) commenced work on agricultural 

meteorology in 1932 and has been conducting micro- 

meteorological studies in cooperation with agricultural 

Institutes and State Agriculture Departments. In 1945, 

a coordinated Crop-Weather Scheme, patterned on the model 

of the British Crop Weather Scheme, was introduced. The 

scheme aimed at collection of basic meteorological and 

crop data in a farm environment with a view to studying 

their inter-relationships, with an attempt to study the 

effect of individual climatic elements like temperature and 

rainfall on crop yield as a necessary first step. Standard 

statistical techniques were employed, but the results obtained 

could not lead to a fuller understanding of the complex 

biological processes of the plant, which are conditioned 

by a large number of combinations of the environmental 

factors. A broadening of the scope of investigation is found 

necessary to encompass wider considerations like energy budget 

and water balance. 

13.1.3 Several aspects of this subject need detailed study. 
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In a paper presented at the symposium on crop, weather and 
water relationship in agricultural production/ a few 
specific problems were raised on the role or contribution 
of each of the factors of v?cathGr and. technology to crop 
production. In this connection/ re^ference was made to 
the large decline in production in 1965-66 and 1966-67 as 
compared to 1964-65 and the much larger rise in 1967-68, 
a normal year, and. almost stationary production in spite 
of unfavourable weather conditions over large parts of the 
country iU 1968-69. These raise the important question on 
the relative roles of weather and technology. Similarly 
for the planner, it would be helpful to know in advance, the 
years' production well before the date of harvest, but the 
question 5.s whether this could be attempted through the use 
of meteorological factors, A related point is whether Indian 
climate has trends, periodicity, points of syrrmetry etc, which 
could bo used for purpose of prediction. Another point 
conccrnjs weather in relation to pests ahd diseases. The major 
problem of crop-weather relationship, however, persists. An 
attempt has been made to analyse these ; .i d other related 
problems in the subsequent sections. 


Sarma J.S,, 1969. Crop-weather rclatio t'chip - Areas 

of Study. Symposium on Crop, weather and water relationship 
in agricul'':urai production - Annual Conference, Indian 
Society of Agricultural Statistics, Bombuy. 
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2 CLIMATE 


13.2.1 A brief introductory account is given of the main 
climatic features of the country and this is followed by a 
discussion of climatic factors important to agriculture/ such as 
precipitation, rainfall variability, rainfall correlations, 
breaks in rainfall, temperatures, wind, sunshine and radiation 
and climatic change - trends and periodicity. 

General Description 

13.2.2 The climates of India are varied and diverse. 
Khasi-Jaintia Hills (Meghalaya) in the extreme east is one 
of the rainiest areas in the world with annual averages of 

the order of lOCXJ-lOSo cm while in the extreme west in Rajasthan 
there are areas receiving less than 10 cm. The contrasts in 
climate arc striking, Punjab and adjoining areas have 
continental climrtes with extremes of temperature ranging 
from 45-50*^0 in sunmer to near freezing temperaturer in winter, 
while Kerala has equable maritime climate throughout the year. 
The major feature of Indian climate is the alternation of the 
seasons when the winds reverse in direction twice in the year. 
The seasonal features ares 

i) In the winter months of December to February, 
the principal feature of v;oathcr is the i^^assage 
of western disturbances over the northern areas 
of the country v%>hich receives significants 
precipitation. Kashmir gets rainfall of 10 cm 
per month or more during January and Febaruary. 

The precipitation in the adjoining plains* is 
small, 3 cm pm or less and very uncertain too. 
Because, however, of its importance for crops 
a seasonal forecast of total rainfall and 
snowfall combined (in north-wort I;adia) fr r 
Jan'-Jary to March is issued by the I'D, The 
extreme southeast of the peninsula gets 
significant rainfall during November and 
December. In the rear of the areas affect zd 
by Western disturbances in the north strenj 
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cold winds blow and temperatures fall 
considerably giving rise occasionally to cold 
waves, ^e fall in temperatures may be 
lo to 12 C below normal and near frost or 
frost conditions are not uncommon. 

ii) March to May is a period of continuous rise 
in temperatures over most of the areas of the 
country. In March, temperatures are highest 
in the Peninsula with order of 38°C and 
the seat of maximum shifts to north and 
northwest by May with temperatures of 45 to 50*^0. 
This is a period of severe thunderstorm activity 
all over the country and where moisture is less 
as in the north and northwest duststorms are 
more frequent.' Maximum wind speeds in 
thunderstorms have exceeded lOO knots but 60 
to 80 knots arc more common. Rainfall is 
substantial in Assam and neighbouring areas 
and in Kerala and adjoining Karnataka and 
Tamil Nadu. In fact May is an important 
rainy month in areas to the south of Bangalore. 
Thunderstorms are also sometimes accompanied 
by hail. Hailstorms arc more corrmon in the 
north and northeastern areas and some of them 
are of destructive violence-/ the stones 
varying up to 7 to 8 cm in diameter. 

iii) June to September is the rainiest period 
of the year for most of the country. The 
southwest monsoon sets in on Kerala coast 
towards the end of May, the average date being 
May/ 30 and proceeds-northwards. The monscon 
is established all over the country by the end 
of June. The orography of liidia considerably 
modifies the flow patterns in this season. 

The principal feature of this season is the 
trough of lov/ pressure on the sea-level 
pressure max. This extends from the Punjab 
in the northwest to the head of the Bay of 
Bengal, Depressions form in the north Bay of 
Bengal and move in a westerly direction 
across the country giving heavy to very heavy 
rainfall. The intensity and degree of monsoon 
rainfall vary from year to year. The monsoon 
may set in late v/ith large delays in rainfall, 
have long breaks in July and August or 
withdraw earlier. It is essential to note 
these variations in distribution and pl-an 
agri cultural operations accordingly. The daily 
variations of the monsoon trough position and 
the associated rainfall. The daily frequency 
of the locations'^ of the trough during July and 


Forecasting Manual, India Meteorological Department, 
Poona, 
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August of the years 1961 to 1969 corresponding to 
longitudes 77°E# 81 e and 87*^E is shown below* The 
position was considered normal, if the trough was 
located between latitudes 27° to 29°N algng 77 E* 
25° to 27°N along 81°E end 23 to'259 n fflong 87 E. 


Monsoon Trough — Percentage Frequency of 

Locations* 


longitude 

77°E 

81 E 

87°E 

S* 

27 

27 

37 

July M* 

30 

48 

35 

N* 

43 

28 

2P 

S 

20 

24 

3 

-^gust M 

33 

47 

39 

N 

47 

33 

27 

*S south N north of 

normal position( m) , 



Over NW India trough is represented by longitude 
77°E, The trough is north of normal position on 
about 45 per cent of days during July and August# 

This large frequency of northerly positions may 
be due to the influence of mid-latitude systems 
moving across north of India, Southerly positions 
are mainly associated with the passage of monsoon 
lows or depressions from the Bay of Bengal or with 
.those forming ever northeast Arabian sea and Gujarat, 
This frequency is, hov;ever/ small* The .trough in 
normal position on about half the days ilong 81°E* 
.Slightly increased frequency in northerly positions 
in August is mainly due to more northerly tracks of 
Bay depressions in this month, ^ northeast India 
and north Bay of Bengal (along 87°E)# the frequency 
during July and Z-»ugust is nearly the same for 
corresponding positions* On 70 per cent of the days# 
the monsoon trough is either normal or to the south 
of it. The 12 GMT position of the trough on any day 
and the rainfall reported at 03 GMT next day at 
stations within two degrees of latitude on either side 
of the line along longitudes 77°# 81° and 87°E were 
examined* The frequency of occurrence of different 



intensities of rainfall is shown 

Percentaae Freouenev of Rainfall 

below: - 



^ongitude 

c 

no rain 

light (less 
than 7*5 mm) 

moderate 

(7,5-35*5 

mm) 

heavy 
(greater 
than 35.5 mm! 

July 

77 

19 

39 

27 

15 


81 

13 

47 

26 



87 

8 

55 

29 

8 * 

August 

77 

15 

40 

26 

19 


81 

13 

42 

25 

20 


87 

11 

52 

24 

13 


About 35 to 45 per cent cf the days received 
moderate to heavy rainfall along the longitudes 
considered* 






7 


Lv) In ac'ditlon to the trough, note has also to be 
taken of the depressions/storms* forming in 
the head of the Bay of Bengal in this monsoon 
season and moving in a westnorthwesterly or 
northwesterly direction. The average frequency 
for June to September is about 7, The 
average latitudinal positions of depressions 
crossing different longitudes from 92° to 75°E 
together with their respective standard deviations 
are given in Appendix 13.1 - Statement I. From long. 
75° to'90°E,the standard deviation varies 
between 1,3 to 1.5° and standard deviation 
of the mean is about 0.1° only over many 
longitudes. This is a clear indication of the high 
stability of the mean track positions. It may be 
seen from statement.' I, Appendix 13.1 that the 
rise in average latitudinal position is 0,2° for 
one degree of longitude from 91 to 88°E and 
thereafter^from 87° to 78°E generally between 
0.3 to 0,4 . As hea'vy to very hea-vy rain is 
associated with passage of depressions and the 
maximum is in the southwestern sector/ the 
mean track is helpful for prediction of 
direction of movement mainly on climatblogical 
considerations, 

v) October-November is a transition period. 

Weather is generally fine except in the 
south peninsula which gets significant 
rainfall in these months. The averages can 
be even 30 cm in small parts of Tamil Nadu 
coast. October and November together account 
for 40-per cent of annual rainfall in Tamil 
Nadu and neighbouring''areaThe important 
feature of this season is the storms* 

(sometimes severe or very severe) forming 
in the Bay of Bengal which strike the east coast 
of India and recurving northeast causing heavy 
damage to life end property. In October 
storms originate between latitudes 8 to !l 4°N 
and move initially in a northwesterly direction 
and a number of them XGCuS.'We and move northeast. 

The average nxjmbcr of storms depressions based 
on 80 year records is four during October to 
December and of thcsc.only two cross coast. The 
follov/ing short table"^ shows the frequency 
of storms/depressions crossing or coming within 
a degree of the east coast of India for various 
latitudinal positions, 


* The minimum wind speed in a cyclonic storm is 34 knots 
and in depressions 33 knots or less. 

Srinivasan V. and K. Ramamurthy, 1971. Weather over 
the Indian Seas during the Post-monsoon season. 
Forecasting Manual, Part 111-4.1, India Meteorological 
Department, Poona. 


1 
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Frequency of StoxrmsA>epressions crossing Coast 

(1891-1970) 


latitude 

October 

November 

December 

22 - 21 

5 

2 


21 - 20 

7 

2 


20 - 19 

11 

3 


19 - 18 

8 

5 


18 - 17 

5 

2 


17 - 16 

16 

3 

2 

16 - 15 

7 

4 

1 

15 - 14 

8 

4 


14 - 13 

4 

5 

2 

13 - 12 

5 

12 

1 

12 - 11 

3 

8 

3 

11 - 10 

1 

11 

2 

10-9 

_ 

1 

3 

9-8 

- 

2 

- 

total 

80 

64 

14 


The most frequent positions where east coast has 
been struck in October Is, betv;een latitudes 14 to 
17*^11 and 18 to 2l‘^N* In November lowest latitudes 
10-13 w predominate and account for 50 per cent of 
total, Very heavy rains of 20 to 40 cm in 24. 
hours are not infrequent though occasionally even 
50 cm has been reported. If one examines the 
frequency of daily rainfall^ it will be noticed 
that it is a few heavy falls which account 
significantly in the annual totals and the 
absence of the storms in any year would mean 
reduced rainfall. Besides the heavy rainfall 
it is also the very strong winds reaching 
speeds of 100 to 120 knots which cause extensive 
damage to property. The maximum estimated winds 
in gusts during severe storms is of the order of 
150 knots and strong winds have been experienced 
in different parts of the east coast right up to 
West Bengal and Bangladesh. 


Rainfall 


13,2,3 The Rainfall Atlas of India^ contains maps of normal 
monthly# seasonal and annual rainfall and rainy days and of 
variability of rainfall (coefficient of variation CV) , 

Atlas includes also maps of seasonal rainfall as per cent of 
annual. The Introduction to the Atlas gives a short account 

of the main features of rainfall of the country. In view of 

1 1971. Poona, Rainfall Atlas of 3iidia, India Meteorological 
Department. 
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this, no detailed account of rainfall will be given here 
except for a brief reference to the annual features. Almost 
the entire country east of longitude 79°E (Tiruchi - Jabalpur- 
Bareiliey) and the West coast has normal annual rainfall 
of more than lOO cm; in particular Assam and neighbouring 
areas and most of the west coast gets more than 250 cm. 
Rainfall in the Peninsula excluding coastal belts is 
generally 5o to 75 cm and in northwest India it decreases 
to less than 30 cm west of Jodhpur. More than 80 per cent 
of the annual rainfall is received during June to September 
excepting in the Peninsula south of Hyderabad to the leeside 
of the Ghats, south of Cannanoro (Lat, 11°N) along the west 
coast, in Assam and adjoining areas. West Bengal and coastal 
Orissa and in the northern areas of Jammu & Kashmir, In 
these eastern States the percentage is 70 to 80; the reason 
for the lower percentage is the significant rainfall of May 
and October in these areas. Appendix 13.2 - Maps I to III 
show rainfall of July, June to September and annual. 

Map VI (a) shows June to September seasonal rainfall as 
percentage of annual. Data showing subdivisional rainfall 
and rainy days and coefficient of variation are given in 
Appendix 13,1 - Statements II to IV. What is of primary 
concern for agriculture, however, is the distribution of 
rainfall during periods of crop growth. This aspect is 
examined in detail in Chapter 14 on Rainfall and Croppihg 
Patterns, volumes on rainfall and cropping patterns 

of the various States which arc published separately also 
include; detailed rainfall analysis pertaining to their 
re spectiVC areas, 
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Rainfall Normals 


13.2,4 The rainfall normals at present in use arc those 
published by the IMD^ which are based on available data during 
1901 to 1950 with a minimum of five years. The total number of 
stations in this publication including closed stations is 2693. 
The distribution Statewise along with the number at present 
is shown in Appendix 13.1 - Statement V, These normals are 
more than two decades old and there is frequent demand for 
more recent normals and that these should cover all the 
raingauge stations, as far as practicable. Another point 
concerns the normals for shorter periods; if these could 
be reduced to normals for a uniform period, their 
usefulness in comparison would be more reliable. The 

publication also contains normals of districts. As the 
nutTber of stations have not remained uniform, district 
normals for different periods are not easily comparable. 

Besides there are districts with wide range in annual 
rainfall. The district averages, in such cases arc likely 
to be misinterpreted, A reviev; of the method of working 
out normals for short periods, districts etc. seems necessary. 

A connected but important question is the preparation^of 
subdivisional departures monthly, seasonal and annual. The 
number of ralngauges in each of mctCcrcloglcal subdivisions 
has n^t remained constant and. various normals have bc-cn used 
in working out departures. It is necessary that IMD reviev/s 
the entire question cf preparation of normals of rainfall 
and number of rainy days and publishes very e-arly the latest 
Set cf normals for use and reference. 

1 1962. Monthly and Annual normals of rainfall and number of 
rainy days (based cn records from 1901 tc' 195o) . Memoir?, 
India Meteorological Department, XXXI (III), New Delhi. 


Dctes of Onset and Withdrawal of 
Southwest Monsoon 
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13.2.5 The main rainy period is the southwest monsoon 
which is also the kharif season for crops. It would be of help 
to agriculturists to have a broad idea, of the normal ra.iny 
periods in the different paxts of the country. For this 
purpose^ Appendix 13,2 - Map VII shows the normal dates of 
onset and withdrawal of the southwest monsoon. These hove 
been prepared initially from graphs of five-day normals of 
rainfall for about 200 stations. The middle day of the 
characteristic rise in rainfall/ mostly in June was plotted 
for each station and the isopleths drawn. Similarly from the 
characteristic decrease in rainfall/ the dates of withdrawal 
were worked out and corresponding map prepared, 

13.2.6 In this connection it is necessary to emphasise 
that the amounts of rainfall corresponding to the dates of 
onset of monsoon, may not in many parts of the country meet 
the minimum rainfall requirements for the sowing of crops, 

A clear understanding of the distinction between the two is 
necessary. The maps provide the normal date of start of the 
rainy season and the duration of the season; as a first 
indication this would be of value for initial planning, Some 
studies on the amounts of rainfall needed for sowing and their 
dates of occurrence have recently been initiated in the IMD 
but would need to be tried out in practice before stabilising 
the approach. To give an idea of the range of variation 

in the normal dates of onset and withdrawal of the 
southwest monsoon, we consider here Kerala and Bombay for 
which data of seventy years 1901-70 are available. The 
frequency distribution of dates is shown in Table 13,1, 
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Table 13.1 


Frequency Distribution o£ Dates of Onset 
of Southwest Monsoon over Kerala and 
Bombay - 1901-70, 


dates number of years 



Kerala 

Bombay 

May 

11-15 

5 



15-20 

8 



21-25 

7 

1 


26-31 

12 

3 

June 

1- 5 

20 

12 


6-10 

14 

22 


11-15 

3 

25 


16-20 

— 

4 


21-2 5 

1 

3 

mean 

date 

May 30 

June 9 

median date 

June 1 

June 9 

range 

May 11 

May 20 



to 

to 



June 25 

June 25 

standard 



deviation (days) 

9 

6 


The range of variation in dates of onset in Kerala extends 
over six weeks while in Bombay it is less, five weeks. The 
important point is the high variability of the dates of onset 
and the position would not be different even for the dates with 
specified amounts of rainfall needed for sowing. A few decades 
ago an attempt was made to forecast the dates of onset of 
monsoon and in view of the importance of such studies for 
agriculture, it is desirable to study dates for sowing in the 
different parts of the country with a view to their forecasting 
when such dates arc fo\and helpful after trial by agriculturists 
in actual practice. 

Frequency of Daily Rainfall 

13.2,7 To give an idea of the occurrence of different 
intensities of daily rainfall, frequency tables arc available 
for about 300 stations in the different parts of the country. 
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These tables serve the purpose of indicating frequency of 


heavy rain in different parts of the country and also their 
approximate contribution to the annual total. In fact# 
in many areas of the country it is only a few heavy falls 
which accoTont for most of the annual rainfall. As an 
example, in Saurashtra and Kutch only lo per cent of the 
total ntimber of rainy days account for about 50 per cent 
of the total annual rainfall. As such information is of 
value to agriculture, it is desirable that IMD should publish 
for all the taluk stations (and representative stations 
in States v^ich do not have taluk or tehsil divisions of 
districts) frequency distribution of dally rainfall using 
a uniform period l90l to 1960, 

Nature of Frequency Distribution of Rainfall 
13.2,8 Information on the nature of frequency distribution 
of rainfall is of importance for evaluating probability of 
occurrence of different daily rainfall amounts. It is 
found that frequency distributions of dally, weekly and 
monthly rainfall do not follow the normal or Gaussian 
distribution. In fitting these distributions ancorKtsleto’ 

Gamma type distribution is employed and probabilities are 
evaluated accordingly. The use of probability values of 
weekly rainfall is often limited because of the extremely 
high variability of such weekly values. However, these wxskly 
data may bo of -use for ■^ar5.oUs’‘ag??5.cu'ltur'"il purposes. It is 
desirable th.at IMD publish weekly totals of rainfall for 
all the stations for which a'; least 20 years' data are 
available in consultation with Ijidian Council of Agricultural 
Research (ICAR) and other user interests. When we 
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examine^ the frequency distrlbuticns of seasonal (June to 
September) and annual rainfall, these are found to mostly 
follow the normal law. This result is useful for quickly 
evaluating seasonal and annual probabilities and in other 
statistical analysis. 

Depressions/Storms and Heavy Rainfall 

13.2,9 Depressions and Storms forming in the Indian seas 

and travelling over land cause very heavy rain, 40 cm or more 

in 2 4 hours is not infrequent particularly in Andhra and 

Tamil Nadu coastal areas. More than 25 cm in 24 hours has 

fallen all over the country excepting in certain interior 

parts of the Peninsula and the extreme northern areas. The 

2 

IMD has brought out atlases showing the tracks of all the 
depressions and storms during 1891 to 1960 and 1961 to 1970. 
Auxiliary maps showing the frequency of depressions passing 
over different land areas and areas of forrration are also 

included. Very heavy and heavy rain is invariably associated 
with the passage of storms and depressions and in many areas 
contributes significantly to the total annual rainfall as 
mentioned earlier, A knowledge of their frequency or 
probability of occurrence in different areas should be of 
help in planning, 

^ Rao K.N., George C.J., Abhyankar V.P,, 1972. Nature of 
the frequency distribution of Xndian rainfall: Monsoon 
and annual. Indian Journal of Meteorology^and Geophysics/ 

23 (4) : 507-514, 

2 

1968. Tracks of Storms and. Depressions in the Bay of 
Bengal and Arabian Sea, 1877-1960. India Meteorological 
Department. 

1972, Tracks of Storms and Depressions in the Bay of 
Bengal and. Arabian Sea, 1861-1970. India Meteorological 
Department. 




Snowfall 
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13.2.10 The India Meteorological Department prepares 
every year an annual summary of snowfall information 
collected from its few observatories and the reports of 
Government officials and travellers in the- areas to the 
north and northwest of India. The reports are mostly 
qualitative except those based on the reports of 
observatories. Though considerable improvement and 
expansion of network of observatories has taken place in 
recent decades, the position still needs careful review. 

The problem of obtaining quantitative snowfall information 
fr-mi mostly inaccessible regions is difficult. The 
importance of snowfall was recognised by Blanford (Chief 
Meteorological Reporter) as early as 1880, He had observed 
that heavy snowfall in the region to the north and west of 
India caused abnormal pressure conditions and was unfavourable 
to th€! advance of the monsoon over the areas affected. 

Later, snow accumulation at the end cf May came to be 
includad as one of the significant factors in the regression 
equation used for forecasting monsoon rainfall. In recent 
decades, however, the earlier degree of association 
(correlation coefficient) has not been maintained and has 
even changed sign. This may be due to the nature of the 
approximations involved in putting the snowfall information 
in quantitative figures, /mother directi'"'n in which 
snowfall information was used was to find out its 
contribution to river flews. The analysis was done 
about two decades ago and the data available did not 
show encouraging results. All these only show the urgent 
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need for recording and collecting snowfall data in a 
systematised form for further analysis and use. Wc recommend 
intensified efforts by IMD to organise a good snowfall netv/ork 
to enable a fuller understanding of its role on subsequent 
weather and its contribution to river flow. 

Glaciation 

13.2.11 A related subject is the study of glaciers. Except 
for a few isolated expeditions in the Himalayas, v;ork in 
this field is almost absent. We arc hardly aware of its 
potential in the context of v;atcr resources of the country. 

It is understood that the Geological, Meteorological and 
other connected departments or organisations arc planning 
coordinated programmes of glacier studies, but it is necessary 
that systematic work should bo organised and for the purpose 
suitable organisation needs to be developed in the 
Meteorological and Geological Departments which arc closely 
connected with the subject. 

Dew 

13.2.12 Dew is water vapour in the atmosphere condensed on 

surfaces of objects exposed to nocturnal radiation. This 

could be -an additional source of moisture for plants. 

Observations of dew were started on a regular basis from 1968 

with a network which nov; consists of about 80 stations. A 

preliminary analysis^ using data of two to three years has 

shown the following features. 

i) Dew accumulation is 15 to 30 mm in north and 
northeast India during October to March. This 


Raman^C.R.V,, Venkataraman, S and Krishnamurthy/ V., 1971, 
Dow over India and its Contribution to winter Crep-VJater 
Balance - Prepublished Scientific Report No. 147, India 
Meteorological Department, 
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deposition is comparable to values in other tropical 
and even temperate countries. The largest value 
is over Assam with a six month accumulation 
exceeding the annual amount in Israel. 

ii) The total dew in January in the submontane 
plains of north Ijidia from south Punjab to 
Assam where water stress in this month is 
about 40 mm, could meet about 25 to 5o per cent 
of water deficiency. In the dry area dew 
deposition is too small to contribute soil 
moisture. 

The picture does not yet seem promising for the relatively 
drier areas. 

Rainfall Variability 

13.2.13 Indian rainfall is highly variable. Tv;o places 
may have the same or nearly the same averages but with 
differing degrees of variability. Therefore, the publication 
of averages without a measure of their standard errors is 
likely to lead tc differing interpretations. As a rule, 
we recommend that rainfall averages should be always 
accompanied by their respective standard, deviations. The 
measure used for describing variability is the coefficient 
of variation (CV) , Because of its import.ancc, the 
variability in different parts of the country is briefly 


stated. 

i) January-February: CV is 80 tc lOO per cent or 
higher except in Kashmir and northeast Assam 
where it is 40 tc 5o per cent. Rainfall in 
those months is very highly variable and 
uncertain. 

ii) March-May: CV for this season is 30-40 per cent 
in Assam and neighbourhc'-'d, 40-50 per cent in 
West Bengal, South Kerala end. interior areas 
Sf uth of Bangalcrc excluding cast coast. 
Elsewhere CV rises rapidly to 80-100 per cent 
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or higher. 

iii) June-September: June CV is 30-40 per cent along 
West Coast an^ northeast Assam and 60 to lOO 
per cent elsewhere. Almost the entire area west 
of Bombay-Lucknov; and south of latitude 16 M, CV 
is 80 to loo per cent or higher. In July v/hich is 
generally the rainiest month for mc-ist of the 
comtry, CV is 40 per cent or less east of longitude 
80*^ (Madras-Jabalpur-Baroilley) and, along the 
VJest coast. CV is high over northwest India 
increasing from 50 per cent to 80 to 100 per cent 
west of Jodhpur. In the peninsula on the 
leesidc of the Ghats covering Madhya Maharashtra/ 
Karnataka, Rayalasoema and. Tamil Nadu CV is 
mostly 80 to lOO per cent. August CV distribution 
is nearly similar to July. September CV shov.^og marked 
difference from earlier months, C\7 in the 
peninsula Including coast is generally GO per cent 
with pockets of 80 to lOO per cent in the southeast. 

The season's^CV is 2o to 30 per cent cost of 
longitude 80 E anfi oIong'l'/Gst cowOst, In’Hoc Peninsula''^ 
40 per cent rising in 1110 o:t±Ji>amo scutheest to 80 to 
loo per centI'.'est ot. Lucknoy, -up to Jodhpur, CV is 
30 to 50 per cent and higher elsewhere, 

iv) October to December: October CV is 80 to lOO per 
cent except for southern portions of the peninsiila 
and Assam v;hcre it is of the order of 60 per cent, 
November CV is 60-80 per cent in Tamil Nadu and 
Kerala and 80 to loO per cent or higher Glscv.'hore, 
December is 80 to lOO per cent in the southeast 
Tamil Nadu and: more than 100 per cent in the 
rest of the country. 

v) Annual: West of Surat to Delhi line/ CV exceeds 
30 per cent and rises rapidly te' 60 tc^ SO per cent 
in west Rajasthan and Kutch, Elsewhere CV is 20 
to 30 per cent with lower values along west coast 
and in northudst- Assam, 

As may be seen frnm the above, great caution is necessary in 
interpreting the behaviour of rainfall in India. Monthly 
rainfall variability even in the rainiest months (July and 
August) and areas, is as high as 40 to 50 per cent. When one 
comes to September, CV is higher and in October uncertainty 
becomes nearly ccmplote. If these aspects are net taken note 
of in crop planning, risk of uncertainty with consequent failure 
is great. In the case of winter months the amounts arc small 
and CV very high. VJo recommend that whe-n the next set of 



normals arc workeei out, simultaneously CV also should be 
computed and both published together. Maps showing 
Coefficient of Variation fer July, June to September and 
Annu41 are included in Appendix 13.2 - Maps IV to VI. These 
have been taken from the Rainfall Atlas of India (1971), 
published by the India Meteorological Department. 

Rainfall Correlations 

13.2.14 There are frequent queries on the relationship 

between the rainfall of one month with that of subsequent 

months, particularly during the southwest monsoon. Such 

a study of intercorrelations for months April to September 

for all the meteorological subdivisions is available in 

1 

the publication on Indian Monsoon Correlations. The 
principal result is that deficient rainfall during any month 
of the monsoon season is just as likely to be followed in 
succeeding months by abundant as well as deficient rainfall 
and vice versa. Intor-correlation coefficients (cc) exceed 
0.30 only in a small number of cases. There is no 
significant inter-correlation between August and the other 
monsoon months. Hov/ever, there arc a niomber of significant 
cc*s between individual monsoon months and the monsoon season 
as 3 whole. Sample tables for East Uttar Pradesh, Madhya 
Maharashtra and Tamil Nadu are given in Apoendix 13.1 - 
Statement VI. V/e now refer briefly to the degree of 
association or correlation among the various Meteorological 
subdivisions of the country for the southwest monsoon season 

^ Rao K.N,, Jay-anthi S. and Bhargava V.K., 1972 . Indian 
Monsoon Correlations - Part I Monthly Intcr-Correlaticn 
for all the Mote ore logical Sub-divisions cf India, 
Meteorological Monograph No.4, Climatology. India 
Matoorological Department. 
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as a whole. These are shoxi?n in Appcnr’lx 13,1 - Statement VII. 
A significant feature is that Assam rainfall is negatively 
correlated with that of most of the Meteorological 
subdivisions or the cc is not significant. Another point 
is that in general/ neighbouring or adjoining subdivisions 
are significantly correlated but this does not extend far. 

Such information would be helpful for grouping together 
areas in connection with seasonal forecasting in the country. 
Breaks in Rcalnfall in July-August 

13.2.15 Breaks are periods during the southwest monsoon 
when there la considerable diminution of rainfall over large 
parts of the countiry. A major feature of the sea-level 
pressure map in the southwest mensoen months of June to 
September is the trough of low pressure which runs northwest 
to southeast from the Punjab to the head of the Bay of Bengal. 
During breaks the axis of the trough is close to the foothills 
of the Himalayas when v/esterly winds prevail over the greater 
part of the country. On such occasions there is considerable 
decrease in rainfall over most of the country. In a study^ 
of breaks during the 80 year period 1888 to 1967/ there were a 
total of 113 breakS/ 53 in July/ 55 in August and 5 in July- 
Augiist, The study is based on analysis of past daily/ weekly 
and monthly weather and related surface and upper air data. 

The frequency of breaks in each decade was as follows: 

Ramamurthy K,, 1969, Some aspects of the 'Break' in the 
Indian Southwest Monsc''n during July and August, 

Forecasting Manual Part IV, 18.3. India Meteorological 
Department^ Poona. 


1 
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Table 13 

.2 

Decade 

Frequency of 
July 

Breaks 

Augus t 

1888-1897 

8 

9 

1898-1907 

8 

6 

1908-1917 

10 

9 

1918-1927 

6 

9 

1928-1937 

1 

7 

1938-1947 

4 

3 

1948-1957 

8 

7 

1958-1967 

7 

5 

total 53 

55 


There was significant decrease between 1928 and 1947 but 
in the last two decades the frequency has risen again. 

The average number of breaks is four in three years. 

Duration of Breaks 

13.2.16 The duration of breaks has varied from 3 to 
21 days and half of theiri are of 3 to 4 days. Breaks of 
duration of 8 continuous days and higher form 20 per cent of 
the total in July and 2 4 per cent in August. The' following 
data indicate that breaks of longer duration exceeding a 


week are not infrequent: 

Breaks July August 

number of days % to total % to total 

3-4 52 45 

5-7 28 31 

8 6 7 

9 and higher 14 17 


The total number of break days in the 80 year period was 


306 in July and 356 in August, The average duration of a 

break is 3.8 days in July and 4,5 ds'.ys in August. The 
distribution of total number of break days in ten days 
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period cf July and August is as follows: 

Period Total number of 

break days 
(1888-1967) 


July 


l-lo 

81 

11-20 

117 

21-31 

108 

August 

l-lo 

115 

11-20 

159 

21-31 

82 


Break days are not uniformly distributed in the different 
ten days of July and the last ten of August. While there is 
near uniformity between 11 July to 10 August, the maximum is 
betv/ecn 11 to 20 August with average of 2 breaks. This 
perhaps is the reason for the general impression of greater 
frequency of breaks in August in the country, though- the above 
shov/s clearly that the average number of breaks is practically 
the same in July and August. 

Rainfall in Break Periods 

13.2.17 Because of the widespread decrease in rainfall 

it v/ould be useful bo know the order cf this decrease in 

the different parts of the country. This is shown in 

Tippcndix 13.1 - Statement VIII for 3 2 break periods in the 

years 1951 tc 1967 in the different me teorological 

sub-divisions of the country; the breaks cf 4 to 12 days* 

duration during these years totalled 83 days. The mean 

percentage departure from normal wcas negative in all the 

sub-divisions excerpt in north a^. south Assam, .Bihar Plains, 

A ' 

Raya las ccr.-a and Tamil Nadu f-t-49%)-. In 

eleven of the sub~<''l vis ions the moan departures ranged 
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from -51 to -85 per cent. In order to give an idea of 
the distribution the number of rainy days ojqpresse^ as 
percentage of normal and percentage departure of rainfall 
during the breaks are shown in Appendix 13.2 - Maps VIII 
and IX, 

Spatial Distribution of Rainfall 

13.2.18 While tho above gives in idea of the average 
departures for the sub-divisions as a whole/ it would 
be both useful and necessary to know the category of 
rainfall distribution also (widespread 76-100% of the 
stations in a sub-dlvislon/ fairly widespread 51-75%/ 
scattered 26-50% and isolated 1-25% of stations having 
2.5 mm or more rainfall dally). These details were worked 
for the different meteorological sub-divisions and are 
shown in Appendix 13.1 -. Statement IX, The categories 
scattered to dry account^for 7o to 90 per cent in many of 
the sub-divisions. In Assam and sub-Himalayan Bengal the 
per cent of occasions of widespread and fairly widespread 
rainfall is over 80, Even In an area of good rainfall like 
east Madhya Pradesh only 2 !• per cent occasions were 
widespread and fairly widespread, 

13.2.19 The above analysis is general and in view of 
importance of such a knowledge for agriculture and 
planners/ it is necessary to'vanalyse taluk data from this 
point of view and nake the s^e available to all users. 

We recommend early action in {the matter by the State 
Agriculture Departments in cooperation with IM). 
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reniperamres 

13.2.20 A major feature of distribution in space and time 
of normals of maximtuii/ minimum and mean temperatures is the 
small extent of variations over large areas in the monsoon 
season. The variation in July mean temperature over most of 
the country is less than 5*^C. Between July and August and 
in some areas July to September, the monthly averages differ 
hardly by a degree. What, however, would be needed most is 
the distribution of daily maximum and minirmm temperatures to 
evaluate the frequency of high or low tenperatures and their 
spells (heat waves, cold waves) too. This information would 
be useful in planning for different distributions of 
temperature ranges. We recommen»3 that IMD should publish 
frequencies of daily maximum and. minimum temperatures including 
spells of high or low temperatures for all the observatories 
with data of five years or more , Hourly data for a number of 
stations are now available for ^re than five years. Those 
data are useful in knowing houfly distribution and thus the 
diurnal variation of temperatljre. Frequency of hourly 

values exceeding certain threshold figures necessary to 
know the duration in hours of; different ranges of temperatures 
for application in cropweatNer studies. 

13.2.21 The country has a reasonably good network.of 
temperature recording stati-ons for getting an idea of the 
distribution in space and tl.me. Two main publications which 
give the averages are refer*’ed to. The climatological 
Tables of observatories in {India (1931-60) issued by the IMD 
contains normals of (a) maj^jimum and minimum temperatures and 
(b) dry and wet bulb tcmpeifratures for 0830 and 1730 hrs 1ST. 
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The publication also contains extremes of maximum and minimum 
temperatures based on all available data up to 1960. The 
climatological Atlas of India (Abridged) published in 1971 
by IMD includes maps of (a) mean temperature and (b) maximum 
and minimum temperatures for January, April, July and October. 
In addition, maps of maximum temperature for May and absolute 
maximum and minimum temperatures are Included. As the maps 
of extreme temperatures are based on data of 60 years or more, 
they could also be regarded as the highest, lowest 
temperatures ever likely to be recorded. These maps and 

data should be adequate for getting a general picture of 
range and the distribution of temperatures in the country. 

We tinderstood that the stock of these basic publications 
is lew and IMD should arrange for their republication early. 
Sxonshlne 

13.2,22 The duration of brii^t sunshine is an important 
factor affecting crop growth. It would, therefore, be useful 
to lave a brief idea of its distribution^ which is as follows: 

1) The daily average in January is more than 
7 hours per day except in Kashmir. The 
western half of the peninsula and adjoining 
Gujarat areas has the highest average of more 
than 9 hours per day. Only in the extreme north 
and over Kashmir, the values are lov/ and 
Srinagar average is only 2.5 hours per day. 

The low values in the extreme north may be 
attributed to the passage of succession of 
western disturbances during the winter season 
when clouding is also high. With the advent of 
summcir conditions the duration of bright 
sunshine shows"a general increase and the 
average in April is 9 to lO hours per day over 
most of the country. The highest averages are 
over Gujarat and the adjoining regions of 
Rajasthan and Maharashtra, 

Rao K.N,, and H.R. Ganesan.»1972 • Sunshine oyer India, 
Prepxablished Scientific Report. India MgfcfegtJ^^o^'cal 
Department, Poona. 
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ii) The pattern changes completely with the onset of n 
the southwest monsoon in Jvine and July. The west 
coast has an average of less than 3 hours per day. 
Bombay's average is only 2,5 hours, Assam and 
Bengal and the extreme southeast Madras have 
averages of 4 to 5 hours per day. 

iii) By October, the southwest monsoon has withdrawn 
from most of the s\Jb-continent. With a maximum 
of moire than lo hours over western Rajasthan, it 
decreases to less than 6 hours in the extreme 
northeast and southern parts of the sub-continent. 

iv) The annual average duration of bright sunshine 
is 7 to 9 hours a day. The annual range of 
sunshine decreases from 5 to 7 hours in the 
Peninsula to 3 to 4 hours in northern latitudes. 
The average monthly duration is maximum in the 
Peninsula in February and during April-May in 
north India; it is minimum in the monsoon season. 
Diurnal variation is nearly similar at most 
stations with flat maxima between lO to 15 hours 
local time and least in the monsoon seasons. 
Isopleths of hourly values show two ovals 
separated by a central zone of low values during 
monsoon months; this feature is not noted in 
Kashmir latitudes, A prono\jnccd inverse relation 
exists between sunshine and cloudiness. The 
correlation coefficient between annual mean 
cloudiness and sunshine of 57 stations‘ 
distributed all over the country is 0.76, The 
highest duration of sunshine recorded on any 
day so far is 12,5 to 13.3 hours to the north 
of lat. 20°N and 11.5 to 12 hours in the 
peninsula. The frequency of daily duration 
exceeding 9 hours is generally least during 
the monsoon. Sunshine is not a serious limiting 
factor over almost the entire country. 

v) Maps showing the duration of bright sunshine and 
percentage frequencies of number of days of 
bright sunshine exceeding 9 hours for the months 
January, April, July and October and for annual 
are given in Appendix 13.2 - Maps X and XI. The 
present network is not large but is helpful in 
giving a fair idea of the average distribution 
in the different parts of the country, 

13.2.23 Solar radiation is an important factor in crop 

studies but observational data in this country are very 

limited. The network has only recently been expanded and 

, 1 

a summary of the available data is contained in a paper 

1 Rao k.N. and Ganesan. H.R., 1972". Global Solar and 

Diffuse Solar Sky Radiation Over India. Monograph, 
Climatology, No.2, India Meteorological Department, Poona. 
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on Global Solar (T) and Diffuse Solar Sky Radiation. The 
main features are described belov/: 

i) The annual mean of global solar radiation 
ranges between 400 and 500 cal/cm^ and 
mean daily values^are maximum in March, 

South of lat. 13°N and in May elsewhere. 

It is minimtm in July-August over western 
monsoon area and in November in the oast 
and north latitudes. The annual mean 
diffuse so^ar radiation ranges between 175 to 
200 cal/cm. This is maximum in the monsoon 
and least in winter. Diurnal variation of 
global solar radiation is practically the 
same at all the stations with flat maxima 
between 11 to 13 hours and atloost in tho 
monsoon months. Diurnal variation of 
diffuse solar radiation is similar but in 
magnitude is only a small fraction, one fifth 
to half of global solar radiation. The highest 
global 2 solar radiation recorded is 62 5 to 700 
cal/cnu in latitudes south of 20°N and 700-800 
cal/cm'^ north of 20 w. The highest diffuse 
radiation is of the order of 400 cal/cm'^. 

ii) Mean daily global solar radiation and 
diffuse solar sky radiation are shown in 
Appendix 13.2 - Maps XI (a) and XI(b) 
respectively. 

Winjls 

13.2.24 Surface winds in the country are generally weak, 
moan daily wind speeds being less than lO to 15 km per hour, 
excepting along Saurashtra Coast where they are stronger. 
Strong or high winds are mainly in association with 
cyOlonic storms, depressions, thunder or dust storms, squally 
weather along coasts etc. There is clear difference between 
the strong or high winds in thunder-squalls and in cyclonic 
storms. The former are momentary gusts while in the latter 
the duration of high winds is much longer. The strong 
winds due to cyclonic storms along some part or the other 
of our coastal belts are almost a regular annual feature; 
only recently, we had the storm which struck Saurashtra Coast 
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causing severe damages estimated at several tens of crores 
of rupees. The maximum wind speeds estimated in the cyclonic 
storms is 150 to 250 km per hour. Most o^/the information is 
estimated as the number of anemographs recording wind 
continuously throughout the day^ is not large. The 
nortiiwesters of Bengal are well known .ind speeds in gusts 
in the squalls have exceeded frequently 60 per hour. 

In severe thundersqualls speeds of I60 km per hour have been 
recorded. Thundersqualls are generally localised and the 
very high winds in gusts last only for a few minutes as 
compared to storms. Considerable damage occurs to crops 
when winds with high speeds blow over an area - lodging 
of crops, creation of conditions favourable to frost when air 
is cold. Increase in evaporation when air is hot and dry, 
loss of water in reservoirs due to high evaporation etc. 
and by transpiration from plants and trees. To check the 
ravages due to high winds^ wind shelters have been proposed. 
Considerable work has been done in USA, USSR and other 
countries in this field and generally these studies have 
been found helpful; windbreaks have helped increase yields 
in grain crops by 20 to 80 per cent and lOO - 200 per cent 
in some grasses in the USSR. The major beneficial effects due 
to v;ind breaks^ have been stated as follows: " 

i) checking air movement and thus affording 
protection to fields and orchards; 

ii) checking of the movements of top-soil and 

consequent prevention of strong winds in areas 
where the soil is sandy or very- fine; 


1 


1962. Weather and the Indian Farmer, Indian Meteorological 
Department, 
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iii) reduciri;;: evaporation froin free water 

surfaces and transpirati.;n from the vegetation 
by reducing windspeedj 

iv) providing shade to farm.stead, and 

v) providing timber and fuel as older trees 
are replacod by younger ones. 

In recent years the network of anemograph stations has 

considerably increased and processed data to meet the varying 

agricultural needs in the form of means frequencies of \;ind 

speeds in different ranges, frequency of duration of 

windspeeds in various ranges etc, should be published by IMD. 

Weather phenomena 

13,2.25 Information on frequency of thunder, hail, 
dust storm, squall etc, is collected frota observatories 
of the IMD and of hailstorms from a wider network. 

Averages and frequencies of these are available in bhe 
Climatological Tables of observatories referred to 
earlier. Most of this inform<?.tion is supplied by 
part-time observers with the res^olt that bheir 
dependability is less. It h.as been observed that bhe 
frequencies recorded by full-time staff differ much 


from part-time observatories. In recent years, bhe 
network of stabio.rLs v/ith full-time departmeii'cal staff 
has considerably improved and the. new sot of normals 
and frequencies when published should improve bhe 
position. 


Climubic Change - Trends ana Periodicity 

13,2,26 The problem of trends and periodicity in Indiiin 
clii.iabe ha:, always attiacted and continues to .attract 
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attention. Questions pertaining to this aspect have been 
raised even at the highest level of Government. Considerab.' 
work in the field of trends has been done in the country, 
but most of it is in respect' of iladlvidual stations only. 

In dealing with areas, a common difficulty has been 
the lack of data computed on a uniform basis ji.e., using 
the same set of normals and the same number of stations. 

A first requirement is therefore the publication of 
complete series of data of all stations with records of 
7o years or more and preparation of uniform series 
for the various ^teorological subdivisions of the 
country. This work is necessary so that a detailed 
analysis may be made for the country as a whole using 
both individual stations with long records and also 
for the various meteorological sub-divisions. These 
would also be helpful in examining correlations among 
the various seasons and sub-divisions in greater detail 
and for grouping similar areas. 

13,2.27 Periodicity in weather has also been examined 
in a limited way, but so far there is no significant 
support for any definite period. A recent analysis^ 


RaOj,K.N. and V.K. Raghavendra, 1973, Time Series 
Analysis of 158 years' Rainfall of Madras (India) 
(Period 1813 - 1970) . Meteorological Monograph, 
Climatology, No,7, India Meteorological Department, 
Poona. 
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of rainfall series in Madras, for 158 years (the largest 
in the oountry) sliows that there is no trend or 
periodicity. We feel that the data recommended 
for being compiled in the preceding paragraph of 
this Section when ready, would enable detailed 
examination with a view to arrive at dependable 
conclusions, 

13.2,28 The above studies have been limited to 
rainfall mostly and also to the use of statistical 
techniques. But the problem of climatic change and 
climate prediction is much broader and is a global 
problem too. The subject of global decrease in 
temperature in recent decades is engaging the 
attention of a number of distinguished scientists 
all over the world and international symposia and 
discussions have recently been held to review the 
present position and explore possibilities of 
climate prediction. Unless we get to a better 
understanding of the physical processes and causes 
involved in climatic variation, the problem of 
prediction will continue to be difficult and complex. 

In the meantime the subject would have to be 

attacked by all possible approaches dynamic, 
physical and statistical. All these will need 
considerable time, effort and concentrated attention. 

In view of the importance of climatic prediction 
to agriculture we recommend that the study of 
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climatic change and prediction be taken up as a project 
by the Indian Institute of Tropical Meteorology (under 
the Ministry of Tourism and Civil Aviation) in 
cooperation with the Meteorological Department, IC^R and 
other interested Ministrles/Xiepartments of the Government 
of India. 



3 AGRCHETECROLOGY 


Meteorology and Crop Production 

13,3*1 Quantitative studies on crop-weather relationship 
attracted attention in the beginning of the century when 
certain data were collected on groundnut and cotton crops 
in Egypt and interpreted in terms of weather factors. This 
Was followed by a comprehensive crop-weather study on wheat 
in Britain (1922) , The broad object in these studies could 
be Said to have been v/hether the plant itself can bo used 
as an indicator of its own yield. It is not difficult to 
visualise that the play of weather factors starts right 
from the time the seed is put in the soil. Every weather 
sequence favourable or adverse/ has its impact on the grwth 
and development of the plant. The -easiest way to visualise 
this is to examine any crosssection of a log of wood which 
contains many concentric ringS/ each of which represents 
an annual growth of vascular bundles, which are used by the 
tree for translocation of food material. The distance between 
any two rings is an indication of- the type of weather 
which a particular tree has experienced in a particular 
year. Compared to the life of a tree, the life of a crop 
plant is very much shorter, but even in this case, the 
variation in height, the intensity of branching or the 
quickness or -the delay in the time of flowering all vary 
from year to year depending upon the weather. It is 
generally estimated that v;eathcr as a single factor could 
be responsible for as much as 50 per cent of variations in 
yield which occur from year to year, the remaining 50 per 
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cent being due to other factors lihe irrigation/ manuring and 
plant protection measures etc. 2^1 though it appears so simple 
to visualise/ when it comes to relating the play of weather 
factors on a crop plant quantitatively to various plant 
characters and the yield/the- job becomes . very complicated. 
This is because merely corelating the weather factors with 
the morphological features like the plant height/ the number 
of loaves or branches/ the number of flowers and so on does 
not represent the full story of the plant development. The 
real clue to the changes that occur in a plant lies in tl^e 
bio-chemical activities. It is these bio-chemical activities 
which manifest themselves ultimately in various external 
features. Therefore/ what can possibly afford an answer to 
the growth pattern which is found in a particular season is 
how the bio-chomical changes within the plant have been 
influenced by the weather. Ah ideal study should include the 
bio-chcmical aspects also together v/ith the measurement of 
external features for a clear answer of the inherent 
relationship between the plant and weather. This is precisely 
what B.A. Keen had emphasised in his presidential address to 
the Royal Society/ London while commenting upon the British 
results (1940) . 

13.3.2 AS stated earlier in section 1/ crop-weather scheme 
was initiated in India around 1945 for collection of 
meteorological data in the farm environment and even inside 
crops simultaneously with the collection of data on certain 
selected crops. The crops chosen for the study on all-India 
basis were v;heat/ rico/ jowar/ cotton and sugarcane. The 
plant observations included the progress of germination as 
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revealed by the number of seedlings observed per day after 
sowing, the height of plants, the nun^er of tillers/branches, 
the time of flowering, the number of flowers in the case of 
cotton and the yield* The observations were taken by sampling. 
Canada also undertook this kind of study, but with fixed 
Sampling. One major advantage which has decidedly accrued 
from the crop—weather scheme is that the country today has 
a network of more than a hundred well equipped 
agro—meteorological observatories situated within the 
environment in which crops are grown, viz., the e3<perimental 
farms, ihese observatories record data on sunshine, air 
tempcratuxre (maximum, minimum, dry, wet and terrestial 
minimum thermometeirs) , soil temperature, wind, rainfall, 
evaporation from water surface and evaporation from soil 
surface* Periodical measurements of soil moisture through 
gravi-metric method are also made at about 20 stations. A 
second advantage is that series of growth and yield data 
measured in a systematic manner on a common all-India pattern 
have been collected for about a dozen stations per crop 
for 20 to 25 years. The growth data represent measurements 
of meteorological features only. The meteorological and 
crop data have been subjected to various studies, but if 
the original question is posed even at this stage whether 
the plant has been utilised successfully as an indicator of 
its own yield, the answer is not yet definite. We feel that 
the ICAR should include in their future programmes work of 
bio-chemical studies for a fuller understan^ng of crop-weather 
relationship. 
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13.3.3 In the higher latitudes/ besides soil moisture/ 
temperature and sunshine are serious limiting factors for 
plant growth. Emphasis in their studies is, therefore/ placed 
on thermo-periodism and photo-periodism and the concept of day 
degrees has consequently been developed which gives very clear 
results for those latitudes in any study involving plant and 
weather. In India/ however/ temperature and sunshine do not 
act as limiting factors in a given part for the crops which are 
commonly grown. For example/ wheat a cold loving crop grows 
well in the northern areas but the temperature variations 
from year to year are not of such a magnitude as to bring about 
major changes in its growth pattern. Similarly/ in the case 
of sunshine, one could expect about 7 to 9 hours of sunshine 
in clear seasons and even during the south-west monsoon period, 
there could be 3 to 5 hours of sunshine per day on an average 
over large parts of the country. Many crops can do well with 
diffused sunlight and, therefore, even in rainy season, less 
hours of sunshine do not adversely effect them. This would 
become apparent if one goes through critically all the crop 
weather studies which have been made so far utilising the data 
collected in the country. It is either the rainfall or the 
moisture deficit which comes out as the most inportant factor 
influencing, the crop growth. At places terrperature and 
sunshine have also been found to be significant contributors 
but there is no consistency in the results that the effect of 
temperature which has been found to be valid in one area is 
corroborated by all the areas where the same crop is grown. 

It seems difficult to visualise that the effect of a weather 
factor on a particular crop will be so particularised as to 
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be applicable at one station and not at the other. What is 
intended to be emphasised here is that one has to be careful 
about spurious CHarrelatlons and has to distinguish such 
corralatJohs from the consistent ones which could be applicable 
to many places where the same crop is fjrown. If this test 
is applied to the data collected within the country/ it 
would be satisfied only by rainfall. 

13*3.4 The effect of sunshine, tenperature or humidity etc. 
however cannot be ignored. In fact, whether it is the 
frigid latitude or the temperate or the subtropics or the 
tropics, plant would always need a particular set of 
circumstances representing the various weather elements. But, 
in our country, the towering influence of rainfall masks the 
other influences in practice when it comes to representing 
the results in a quantitative manner. W'hat is, therefore, 
needed is to have a clear idea of the influence of individual 
weather factors on plant growth. In biological experiments, 
glass houses have been utilised in the past for conducting 
studies under controlled conditions. However, the glass 
houses are most suited to a few elements like the control 
of temperature and humidity. Sometimes attempts have been 
made to vary the light conditions also. But by and large, 
glass houses are not very suitable for this purpose, hm 
improvement over the glass-house approach has taken place 
in recent times and is represented bythe phytotrons. These 
are constructions of good size both in regard to length- 
and breadth as well as height and are equipped to simulate 
weather with regard to a single element or a combination of 
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various elements. Crop plants could also bo grown within 
these phytotrons in the same manner as they would grow in a 
field* The IMD had once considered equipping its iVgricultural 
Meteorological Division at Poona with such a phytotron* We feel 
that there is an urgent necessity to go in for such 
constructions not only in the IMD, but also in different 
agricultural universities^ so that a clear idea of crop weather 
relationship under controlled conditions could be obtained. It 
will be only after such a step that it would be desirable to 
collect and study data on field scale* 

13*3.5 It does not, however, mean that the efforts should 
be slackened to collect the kind of data both on crops as well 
as on meteorology under field conditions on an all-India basis 
as has been done under the cropijweather schemes. The building 
up of such series of data over a long period of time will 
enable the country to have normals of crop characters as well 
as meteorological factors collected simultaneously which should 
prove helpful to administrators, planners and research workers 
in many ways* our studies (Chapter 14) on the distribution 
of monthly rainfall in the year have revealed that there are 
174 rainfall patterns within the country* It is necessary 
that every zone representing a particular pattern of 
rainfall distribution must have one or more fully equipped 
agroraet observatories depending upon its size etc* 

Soil Moisture Observation Network 

13,3.6 i%. serious handicap which has been noticed in regard 

to agromcteorological data relates to soil moisture. There is 
considerable emphasis on soil moisture storage within the soil 
in various kinds of estimates which have a bearing on water 
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rccjuircmcnts for plant growth. In the absence of soil 
moisture measurements, this element is estimated on the basis 
of oth.r related meteorological paramotor®* The estimates 
suffer from many assumptions and the greatest of all is the 
depth of soil/ not to speak of the type of soil. There 
are hardly about two dozen stations in the country at present 
which take direct measurement of this element. Soil moisture 
varies from field to field/ depending upon the texture, 
structure and depth of soil. There is, therefore, no short 
cut to having actual field soil moisture observations all over 
the country but it may not bo practicable to build up such 
an extensive network covering about six lakh villages. One 
could, however, aim at building up a network of soil moisture 
determining stations up to the block level. As a first step 
tov;ards that objective, a minimum target of building up a 
network of at least 3,000 stations,each covering a taluk, rnu.st 
be accomplished in the next few decades. Whereas the 
responsibility for agrotnetcorological observatories oroposed 
in the above paragraph for every rainfall zone would have 
to be with the agricultural universities becnuso of the 
highly technical nature of the measurements of various 
weather cli 3 Ticnts involved, the responsibility of soil 
moisture measuring stations should bo that of the State 
Departm.cnts of Agriculture, They should also take steps 
to publish the soil moisture data. 
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Evapotranspiration MGasuromcnts 

13,3*7 E^;■Qpotranspiration like soil moisture is a very 

important factor in crop growth. At present the data available 

on this element relate to computed values using theoretical 

1 

considerations* The concept was introduced by Thornthwaite 

in the USA/ who utilised an crrpirical approach involving 

2 

temperature and length of day* Penman in 1948 developed a 
theoretical equation combining energy balance and aerodynamic 
considerations* The equation contains terms involving 
temperature/ pressure/ wind/ radiation and saturation vapour 
pressure deficit. The energy balance and aerodynamic 
combination is now in extensive use in many parts of the 
world* Slatyer (1967) of Australia has also made significant 
contributions to this approach. Meteorological parameters arc 
measured according to established standards* On the plants 
side the basic idea has been that a turf when maintained 
Saturated with soil moisture could represent the maximum loss 
of water through the processes of evaporation and transpiration; 
which would take place from a given area of land* The 
mathematical equations have usually been checked against the 
direct measurements of evapotranspiration from such turfed 
surfaces* In some places/ an estimate of evapotranspiration 
is made also on the basis of evaporation from water surfaces 
of various dimensions/ the most standard being the 120 cm 

1 Thornthwaite C.W,/ 1948. An approach toward a rational 
classification of Climate, ~ Geographical Review,USA 
Vol 38/ No.l, 

2 Penman/ H.L., 1948. Natural evaporation from open V7atcr/ 
bare soil and grass. Proceedings of the Royal Society, 
London, A193: 120-146* 
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diameter USA pan with a depth of 30 cm. A Russian tank has 
even dimensions of as largo as 5 m diameter and about 2 m 
depth. The general observation is that the evapotranspiration 
from any,cropped area may bo approximately taken to be 7 to 
8 tenths of evaporation from a free water surface of a large 
expanse. The equations which have been developed on 

aerodynamic and energy considerations give a better idea of 

♦ 

the evapotranspiration than this approach. In the absence of 

direct measurement on various kinds of plants and soils/ 

1 

computation from theoretical considerations is the only 
recourse to arrive at a gross picture of water loss due to 
evapotranspiration. But how far this would remain tenable 
under various kinds of growth of plant communities as 
represented by various plants, orchards and plantation crops 
as also by the various field crops is difficult to guess. 

13.3,8 Hohnel in Austria had tried to estimate 
evapotranspiration from potted forest saplings towards the 

close of last century (1878-1880). These data were utilized 

2 

by Horton in the USA to build up a relationship between 
the evapotranspiration and the height and girth of a given 


1. Rao, K.N,, C,J. George and K.S, Ramasastry, 1971, 
Potential Evapotranspiration over India., Prepublishod 
Scientific Report no 136. India Meteorological 
Department, 

2. Horton, E,R,^1923, Rainfall interception 
Monthly Weather Review, Washington.51: 571-81, 
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tree. On transpiration alone-/ Briggi and Shantz in tho USA 
studied upto 55 spocies and varieties (1913—16) to doteirmine 
the v/atcr requirements of crops. In India/ O’.W. Leather made 
equally extensive studies on v/ater requirements of potted 
plants in the beginning of this century (1910-11). The study 
of single plants in small pots has nov/ given v.^ay to lysimetors 
of large sizes which can perrrat the grov/th of plant communities 
which are cogiparable in growth and height with the crops found 
under field conditions. The- depth of lysimeters is also not 
a lim.iting factor so as to make tho cropped area within it pot 
bound. Extensive studies of ovapotranspiration should be 
undertaken in different parts of the country under varying 
conditions of soil moisture in different soils and using 
as m.any plant species as possible representing field/ orchard/ 
plantations and forest plants. It is only then that a real 
idea of evapotranspiration under plant conditions could be 
had. These studies v/ould make it possible to indicate the 
contribution of individual factors like transpiration from 
plant surfaces and evaporation from soil surfc'.ces in a 
planted aroa as compared v/ith tho evaporation from bare 
soil and evaporation frcjm free water surface, Ixs a first 
step fundamental resopren should bo conducted at all tho 
agricultural universities and the Central institutes of the 
ICAR as well as at the Forest Research Institute/ Dehradun 
on this subject. Once the studios made at those centres 
result in certain standard procedures/ a wider network of 

1, BriggS/ L.J. and ShantZ/ K.L./ 1914, Relative Water 
requirement cf Plants, Plant Journal of Agricultural 
Research (Washington)/ III(l): 65, 

2. Leather/ J.W,/ 1910. Water roquiroments of Crops in India/ 
Memoirs of tho Department of Agriculture/ India, 

(chemical series)/ 1(8). 
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evapotranspiration centres throughout the country will 

have to be planned to obtain an idea of actual 

evapotranspiration through direct measurement under different 

climatic and odaphic conditions, IMD has planned a network 

of about two dozen evapotranspiration stations which would 

take up observations with certain selected plants on a common 

methodology; but these evapotranspiration centres are being 

set up on the basis of whatever v/ork has been possible at • 

one single station, namely, the Central Agricultural 

Meteorological Cbservatory, Poona, The pace of setting-tip of 

these stations need not be interfered with, but this should 

also not be a reason to stall the study which is being 

suggested by us in various research centres because wo are 

keen that the observations pn'evapotranspiration must be tried after 

involving as many plant species and as many different soil 

moisture conditions as possible* When this is done, the time 

would be opportune for establishing evapotranspiration 

stations at least at every district headquarter'.. 

Phenology 

13,3.9 phenology is a field of science which relates 

to-the study of recurrence of an event in the life history 

of livincj being, be it plant or animal. Britain has been 

systematically collecting d-ata on the mivgration of birds for several 

decades . . in India one is familiar with the appearance 

of cuckoo in advance of the south-west monsoon. It has 

always been considered by faroers as a precursor to the 

onset of the monsoon. Studies on tagging birds have also 

been taken up by a few orinthologists, Insofar as plants 

arc concerned, the IMD arranged a study of observations on 
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the flowering of certain solcctcrl plants/ i.c*/ mnngo/ necrri / 
babul and tamarind. Phonological observations have boon 
continued by the IMD for many years. In the case of mango/ 
the severity of winters during December determines the 
intensity' of flowering around February insofar as north is 
concerned^ f c_’. iK-o bo ■'.ring natMnlly d: ponds on the intensity of 

flowering. The severity of winters is associated with the 
number of western disturbances which pass through the 

north-western parts of the country. In the rear of the 

«• 

western disturbances which move across the northern parts of 
the country# temperatures are considerably lowered. Whether 
it is merely the effect of temperature or the associated 
precipitation which encourages subsequent flowering of mango 
needs further examination. Such studios could throw light on 
certain v/eather phenomena at crucial times which could give 
an early idea of the yield v#!ich is to bo had from 
a crop or a tree. For this reason# it is desirable that the 
network of phenological observatories in the country should also 
bo strengthened so that there is atleast one in each taluk,^ 

As the observation need for study is the noting of the time 
of occurrence of a particular phenomenon like flo’wcring or any 
other characteristic of plant growth# the collection of such 

statistics should not present much difficulty, VJhat is to be 

% 

guarded against is that the selection has to be of nature-grown 
plants. In the case of cultivated plants# breeding for a 
particular purpose (including earliness or lateness artificially) # 
changes the natural biological rhythms. Therefore# if 
cultivated plants arc to be selected# it is to bo ensured 
that the network of these phonological stations rmast take 





observations on the same variety of plants so that the data 
collected docs not suffer from non-comparability. There 
should not be any difficulty for such a sinplc observation 
to be recorded at taluk headquarters, Tho responsibility 
for collecting and publishing the results of these 
observations should lie with the State Departments of 
Agriculture# who should make those availat>le to other user 
interests. 

Pests and Diseases 

13,3,10 The sporulation in the case of fungus diseases or 
hatching of eggs in the case of insects is very much 
controlled by the temperature and humidity conditions. 
Similarly# the growth# specially in the early period# of the 
pathogens as well as insects# is greatly controlled by these 
two elements. In laboratory# the measurements are usually 
made under petridish conditions. These# however# do not have 
any relevance to the field conditions and# therefore# when 
the results are applied to field conditions# these often fail. 
Although it appears obvious that many of the pests and 
diseases are weather controlled# tho quantitative evidence 
under field conditions become very difficult. Clear 
examples of the influence of weather on pests and diseases 
are rare but onqbf the pests which could illustrate the 
role of weather is represented by tho wheat rusts. It is 
now well known that it is the trajectory of upper level winds 
which dotcrTTiine tho outbreak of rust epidemic in different 
parts of the country. The iflD has attonpted to collect 
data on tho incidence of pests and diseases in a qualitative 
manner e.g,# whether a pest or disease has been noticed in 
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a particular year at a particular agricultural research 
station and whether the incidence has been lov\;, medium or 
high. The data arc available on a number of crops for many 
years, but those are qualitative. The Commission on 
A*.gricultural Meteorology of the World Meteorological 
Organisation has addressed itself to this vital problem of 
study of weather in relation to diseases aiid pests of 
various crop plants including potato blight, apple scab and 
wheat rusts. They have prepared reviews of existing methods 
and indicated their practical applications and the criteria 
which could be adopted for v/amings cf disease and pests. 

The subject is largely in an cjqploratory stage. The IMD has 
also drawn up a scheme to intensify studies on diseases and 
pests of crop plants as related to weather. However/ we would 
like the involvement of all the agricultural xlniversities and 
the Central institutes of the ICAR in this task. There has to 
be a get together of the plant pathologists, entomologists and 
the agricultural meteorologists to determine a basic line 
of approach towards which all the efforts of the country should 
be directed. The responsibility for organising such a common 
approach should rest with the ICAR, The study should not only 
include the relationship between the weather and various pests 
and diseases under field conditions but also a surveillance 
Service based on meteorological observations. These studios shoul 
prove useful in forecasting the epidemics so that the farmers 
could take timely control measures. 
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Meteorology in relation to Orchards, 
antations and forests 

13.3.11 Efforts have been made in the IMD to study the 
micro-climates obtainable in various crops including 
sugarcane and betelvinc. These two crops represent the 
conditions obtainable with tall plants and fruit 
plantations. It will be interesting to note that under the 
conditions of any afternoon in clear season, .the micro-climate 
which is found under the conditions of a tall crop like 
sugarcane is very different fran what obtains In the open. 

In the open, ground surface is the hottest near noon and 
temperature decreases with height in the airlayers with 
which plants are primarily concerned. What happens in a 
sugarcane field is that the hottest susrface exists just 
over the canopy of leaves and temperature decreases with 
height both above and below the canopy. In other words, 
a dense crop like sugarcane indicates a condition in 
which the active surface is shifted from the ground to 
the canopy and within the crop the temperature increases 
above the ground surface until the canopy height is reached. 
Whereas there are unstable conditions in the open, stable 
temperature conditions persist within a sugarcane crop. 

What happens in the case of sugarcane is also applicable 
to thickly populated orchards. The utility of such a 
knowledge can very well be imagined from a simple fact 
that whereas dusting and spraying under unstable conditions 
would mean a wastage of chemicals, the stable conditions 
represent their efficient utilization. If a farmer is 
aware of tha distinction, he can modify his strategy so 
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as to In. 2 }^G the best use of thcr Cv?stly pl^t protection 
chemicals, Micro-climato foun 3 v/ithin o. field can also be 
utilised to control the pests and diseases once it becomes 
Known what is the density of plants which is conducive or 
otherwise fr)r their proliferation. A, knowledge of the 
micro-climate of plant communities can also help to determine 
the density vdiich is necessary to optimum growth and yield. 

The Same objective could very well apply to orchards and forests, 

.13,3,12 While a good number of agromotcorological observatories 

in the country have been located on the farms, the observatories 

in orchards^ plantations and forests are not adequate. We 

recommend that this lacuna should be removed as quickly- as 

possible. As far as orchards are concerned/ a beginning could 

♦ 

bo made .in the gardens and plantations located in the research 
institutions. In the second stage/ an attempt should be made 
to have at least one such observatory in every district. 

Forest Meteorology 

13,3,13 A knowledge of the forest-climate interaction is 
essential/ as the have pointed '.'ut/ f'''r understanding 

and assessing the extent of modification of climates due to 
the conversion of tropical and sub-tropical forest areas into 
agricultural lands. In arid and semi-arid regions particularly/ 
denudation of forests may affect the v/atcr-balancc of the 
country. Very little work has been done in Indira on 
forcst-climrate interaction. In Chapter <.-4 on Forest Ecology/ 
and Wildlife il-.n.agem.:nt/ we have referred to a study on the 
climatic deterioration resulting from disforcstation. Other 
studies in this field are available in the annotated bibliogrraphy 
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on forest influences and v/atershod management research 
in India published by the FRI in 1970. However/ a coordinated 
effort is necessary to review/ assess and plan the future work 
in this direction. We recommend that the II'ID should in 
consultation with the Forest Research Institute/ Dohradun and 
the State Forest Departments review and assess the present 
position in the country and draw up a long term research 
programme in forest meteorology. The netv;ork could be 
determined by the Forest Research Institute/ Dohradun keeping 
in view.the ultimate objective of establishing one which 
would give representation to forest conditions in different 
agro-climatic regions of the country. 

Hill Meteorology 

13,3,14 The pattern of farming in hill and mountain areas 
is different from the one followed in the plains. 

Cultivation in hilly areas is possible in valleys and over 
slopes. Plots are usually small and over slopes.- these are 
arranged in terraces girdling the hill at various points 
of its elevation. Fruit or plantation crops and paddy are 
commonly grown in such areas. The choice of fruit or 
plantation crops as also of the field crops/ other than rice, 
varies according to region. Temperate fruits of various 
kinds arc the speciality of the belt comprising Kashmir, 
Himachal Pradesh and West Uttar Pradesh Hills, Tea is 
common in the Himalayan West Bengal and A.ssam, Pineapple 
Is the fruit grown in Meghalaya, Manipur and Tripura, 
lea, coffee, rubber, cashewnut, pepper, cardamom, clove, 
nutmeg are the specialities of the southern hills while 
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coconut and arecanut are usually grown on flat lands in the 
Valley, The common arable crops are ricc/ maize, small 
millets and potato. Despite this kind of choice being 
available, there is a temptation to give preferentidl treatment 
to paddy and fit it in all kinds of elevations disregarding the 
fact that water needed is really available for this crop only in 
the Valleys, This brief description is meant to illustrate 
that there is no scientific pattern of cropping most suited 
to different elevations. The micro-climate over hills varies 
very widely depending upon various factors. The hill facing 
the ascending side of the monsoon winds is cooler, has more 
moisture and is, therefore, more lush green than the other side 
over which the wind descends. The duration of sunshine varies 
widely over small distances due to the directional orientation 
in general and due to the shadow effect of nearby hills in 
particular. Moreover, there is the valley effect where the 
valley acts as a pool for cold air and is covered with fog. 

The sequ'cnce of horticultural plantations as well as arable 
crops requires to be determined after taking into account all 
these meteorological considerations and the knowledge in India 
at present on these aspects is meagre. There is, therefore, 
a need to pay greater attention to research work as well as 
agricultural developmental work specially directed to the 
problems of hill areas. 

Meteorology in Relation to Livestock Production 
13.3,15 The application of meteorology to livestock production 
can be studied in three ways. These arc: (a) how the macro¬ 
climate obtainable in a particular place affects the producti\ 
of different kinds of animals (b) how micro-climate obtainable 
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in paddocks and bar'ns affects the health of animals kept there 
and (c) what is the contribution of meteorological factors in 
the Spread of animal pests and diseases. Animal Husbandry 
scientists at various centres including the Indian Veterinary 
Research Institute, Izatnagor, have made several, studies: in 
relation to climate. Some of the prominent research 
institutes are also having their own meteorological 
observatories, but in the context of the livestock production 
and its future plans, the present meteorolocal set up 
exclusively for livestock is very inadequate. There is need 
for all the institutions dealing with animal research and 
dairy, piggery and poultry organisations to arrange for 
meteorological observations which are considered essential 
for their work. There is also need for conducting micro-climatic 
studies within the paddocks and bams, v/hich will give an 
idea of the level of animal comfort that is conducive to 
higher production. The general purpose meteorological 
observatories should not, however, be confused with the 
observatories which are to be set up for productive animals. 

Just like crops, it is very necessary that the observatories 
are set up in the very environment in which the animals are 
reared and confined. The responsibility for setting up and 
maintaining the93 should rest with the respective institutions 
and departments. 

Weather and Animal Diseases 

13,3,16 Studies in rficent years have shown practical links 
between current weather and the epidemiology of diseases 
of farm animals, A review of the work in this field given 
in a recent technical note of WMO on 'Weather and ALnimal 
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Diseases' covers subjects like the wind~borne types such as 
fowl pest and foot and mouth disease and parasitic and fungal 
diseases etc. Among the conclusions/ it is stated that much 
can be done with existing systems of weather recording with 
small cost-benefit ratios. Details are given in the annexes to 
this publication of the prediction systems which are now in use 
or under operational test in the United Kingdom, Work in this 
field in India seems to be limited/ tut the importance of the 
subject from the practical economic point of view is considerable,^. 
Research needs the combined efforts of animal husbandry scientists 
and meteorologists. 

Remote Sensing Techniques 

13.3,17 The Vtorld Meteorological Organisation has drawn 
attention to the use of remote sensing techniques in providing 
means of rapidly collecting a variety of agro-meteorological 
data. As examples/ reference is made to (i) large scale colour 
photography supplying supplementary information on the 
condition of crops/ pastures and forests, (ii) large 
differences in vegetation cover/ physiography and drainage 
patterns provided by remote sensing images. It is desirable 
to examine the extent of application and usefulness of these 
techniques for utilisation in this country. We have dealt 
with this briefly ii Chapter 61 on Statistics - Remote Sensing 
Techniques, 

1. Smith, L.P,/ 1970, VJeathcr and Animal diseases, WMO 

Technical Note I’fo, 113, World Meteorological Organisation 
iVMO) Geneva, Switzerland, 


4 mOJGI^TS 


13,4,1 Departures from normal rainfall occur frequently 
but when deficiencies are largC/ widespread and/or prolonged, 
drought conditions set in. Definitions of drought vary widely 
with the area of interest. More than 60 definitions have been 
listed in a report on assessment of drought. Palmer (USA) 
defines drought as an interval of time, generally of the 
order of months or yoai$ in duration, during which the actual 
moisture supply at a given place consistently falls short of 
the climatically expected moisture supply. The US Weather 
Bureau defines drought as a period of dry weather of sufficient 
length and severity to cause at least partial crop failure. 

In a report to the Administrator, National Oceanic and 
Atmospheric Administration on the influence of weather and 
climate on United States grain yields, pirepared in December 1973, 
the definition of agricultural drought is given as follows: 

"A combination of temperature and precipitation over a period 
of several months leading to a substantial reduction in yield 
(bushels per acre) of one or more of the major foodgrains (wheat. 
Soyabean, com) . A ’’Substantial reduction” is defined as a yield 
(bushels per acre) less than 90% of the yield expected with 
temperature/precipitation equal to long term average values". 

But rainfall, while it may be a major criterion, does not 
give the complete picture and a lower rainfall that would be 
fatal to crops in one region might be sufficient for growth 
in another* Besides rainfall, factors like intensity of 
evaporation, sunshine, soil, stage of crop growth etc. have 
also to be taken into account* Thornthwaite defines drought 
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as a condition in which the amount of water needed for 
transpiration and direct evaporation exceeds the amount 
available in the s oil, Some of the other definitions i'rf us^e are: 

i) According to the British Rainfall Organisation a 
partial drought is a period of more than 28 days 
with a very small rainfall per day' and absolute 
drought is a period of at least 15 conseciativc 
days during which the rain Joes not exceed 0«25 mm. 

ii) The objective method for specifying drought 

suggested by the Australian Bureau of Meteorology 
is to specify the minimum water need for a • 
particular purpose. Drought occurs when rainfall 
during an intoirval is less than the minimum water need, 

iii) In USSR drought is defined as a period of ten days 
v;ith a total rainfall not exceeding 5 mm. 

Drought classification 

13,4,2 Droughts may be broadly classified into the following 
three types: 

i) Meteorological drought: It is a situation when 
there is significant (more than 25 per cent) 
decrease from normal precipitation over an area, 

ii) Hydrological drought: Meteorological drought, if 
prolonged# results in hydrological drought v;ith 
marked depletion of surface water and consequent 
dry'^ing up of reservoirs# lakes# streams and rivers# 
cessation of spring flows and fall in ground water 
levels. Hydrological drought may be reflected in 
depleted snowmelt due to poor snovz-fall in an 
earlier season and ‘this may result in ' 
curtailment of p'ower generation and affect industry 
as v/ell as agriculture, 

iii) Agricultural drought: It occurs when soil moisture 
and rainfall arc inadequate during the growing 
season to support healthy crop grov/tli to maturity and 
cause extreme crop stress and wilt. 


Drought studies in India 

13,4,3 Drought is an occasion v/hon the rainfall for a week 
is half of tile norm^xl or loss, when the normal v/cckly rainfall 
is 5 mm or more, Agricultur-al drought is a period of 4 such 
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consecutive vreeks in the period from middle of May to mivddle 

of October or 6 such consecutive weeks during the rest of 

the year* Seasonal drought occurs when the actual seasonal 

rainfall is deficient by more than twice the mean deviation. 

Subraraahyam and co-workers made use of the aridity-indej? of 

Thornthwaite and drought years were classified as moderate/ 

large severe or disastrous according as the departure of. . 

the yearly aridity index from the climatic normal value was 

less" than ^ d-, between o- and o—, between cr~ and 2 o—/ 

or above 2 o- respectively, or- being the standard deviation 

for the set of data employed. The Drought Research Unit of 

the IMp at Poona/ has tried to evolve a drought index on the 

basis of rainfall departures, monthly rainfall deciles, water 

periods etc. Employing Thornthwaite 's water balance 

technique, and using potential ovapotranspiration values 
1 

computed for 300 stations from Penman formulation, areas 

2 ’ 

of arid and semi-arid climatic zones v/erc demarcated. 
Saurashtra-Kutch region of Gujarat, the western half of 
Rajasthan and parts of Haryana are in the arid zone whore 
there is constant water deficit. Conditions very close to 
aridity prevail in the rain-shadow tract along the leeward 
side of the Western Ghats from- Nimar in Madhya Pradesh 
through the districts of Khandesh, 7Uimednagar, Sholapur 
(Maharashtra), Gulbarga,. Bijapur, Raichur and Bcllary 
(Karnataka) to Anantapur, KUrnool and Mahbubnagar districts 
(Andhra Pradesh). A small area within this tract around 

1. Ibid ^ 1^ (p . 

2. Rao, K.U., C.J. Georgo and K.S. Ramasastry, 1972. 
Agro-Cllmatic Classification of India# Meteorological 
Monograph, Agrimet no.4, India Meteorological 
Department, Poona, 
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the .'^lantapuir Bellar^’ chortj also ha© ccaditions of aridity-, 

Semiarid rev^ilona ^ic.nprisa area© whorc precipiaatiou meets only 

one-third to two-thirds of l^e evapotranspiration needs. These 

regions cever almost the entire Peninsula east of the Western 

Gh%ts and extend to portions of West Madhya Pradesh/ VJest 

Uttar Pradesh/ Haryana and Punjab. Semi -arid conditions occur 

in parts of Gaya/ Patna and Monghyr districts of Bihar. On the 

lines of work done in USA by Palmer/ computations involving 

detailed hydrologic accounting were carried out for different 

meteorological sub-divisions for the period 1901-1969. The 

1 

drought climatology of the country thus prepared shows that 
on an average/ drought may be e3<perienced over large areas on 
20-25 per cent occasions in each of the months of the kharif 
season. For identification of drought areas, IMD has defined 
drought as a situation occurring in any area in a year vhen 
the annual rainfall is less than 75 per cent of the normal* 

When the deficiency of rainfall is above 50 per cent of the 
nomal/ it is termed as ‘severe drought’. Areas where drougl 
has occurred in 20 per cent of the years during the period 
are considered ‘drought areas'/ and where it has occurred in 
more than 40 per cent of years/ as 'chronic drought areas*. This 
definition of drought does not however/ take into account the 
distribution of rainfall so inportant from the point of view 
of agriculture. In view/ however/ of the differences in 
cropping patterns and distribution of rainfall from region to 
region/ it is difficult to qualify the definition of drought 


1. Goroge C.J,/ K.S, Ramasastri and G.S. Rentala/ 1973, 

Incidence of Droughts in India/ Metco^fological Monograph/ 
Agrimet No 5. India Meteorological Department/ Poona. 
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with sufficient exactness by introducing this element and 
needs detailed study. Using the annual and south-west 
monsoon rainfall departures from normal during the period 
1901 to 1960 for a]DOut 500 stations drought areas have been 
identified by the IMD, The Irrigation Commission accepted 
this approach and in their Report (1972) indicated the drought 
and chronic drought areas as follows: 

i) drought areas (20 per Gujarat, Rajasthan and 

cent probability of adjoining parts of 

rainfall deficiency of Punjab, Haryana, West 

more than 25 per cent Uttar Pradesh and West 

of normal) Madhya Pradesh. 

Madhya' Maharashtra, 

Interior Mysore, Rayalascema, 
south Telangana and parts 
of Tamil Nadu. 

a small portion of nor'tdi^ 
west Bihar and adjoining 
east Uttar Pradesh, 

a small portion of nor'th- 
ee.st Bihar and adjoining 
portion of West Bengal. 

ii) chronically drought West Rajasthan and 

affected areas (40 per Kutch, 

cent probability of 
rainfall deficiency 
of more than 25 per 
cent of normal)• 

13.4,4 Thus, most of the areas identified as susceptible 
to drought fall within the arid and semi-arid zones 
mentioned above. Chronically drought affected areas are 
identical with the intensely arid zone, rwllthe districts 
v;hich comprise the drought zone are not equally vulnerable 
to crop failures as protective irrigation has been developed 
in some of the districts or talubs. As such those of the 
districts/taluks which enjoy a minimum percentage of 
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irrigation should appropriately be excluded from the list of 
drought affected areas. 

Drought Prediction 

13.4,5 The question whether drought can be predicted from 

rainfall or drought data series over an area from a knowledge 

of trends# periodicity etc. is .of considerable Importance, 

Rainfall series of stations in the country generally exhibit 

random nature and have shown no significant trend on the whole. 

Some of the long rainfall series have been tested for periodicity 

also but none of significance has been noted. In addition# 

spectral analysii of Palmer Drought Index series# referred to 

earlier in this Section# available for a number of meteorological 

sub-divisions has been tried. Those show some relation to 

quasi-biennial oscillation and in some cases to sun-spot 

cycles. The amplitude of the cycle is# however# too small to 

be of significance. Wc are not alone in arriving at such 

results. Professor H.E, Landsberg# President# WMO Commission 

for Special Applications of Meteorology and Climatology in 

his lecture in Geneva in Juno 1974 on 'Drought* has expressed 

almost identical views in this regard as may be seen from the 

2 

extract reproduced belov/: 

"Data analysis of long records of precipitation in 
Various parts of the world did not indicate any radical 
one - sided trends but rath^-jr fluctuations which might persist 
for several years. Spectral analysis revealed no well-defined 
cycles of rainfall anywhere but a widespread irregular rhythm 

1, Rao# K.W,# C.J. George# P.E. Moray and N.K, Mehta# 1973, 
Spectral Analysis of Droaght Index (Palmer) for India# Indian 
Journal of Meteorology and Geophysics Vol 24# No, 3# pp 257-27 

2, Landsberg# H,E.# 1974, D^rought - Summary of Lectures and 
Discussions# Geneva June 1974, WMO Bulletin# XXIII (4); 226, 
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of two to three years Was in evidence. The analysis at 
the same time did not preclude entirely the presence of 
a weak rhythm in tlie 11 to 13 yeais spectral band which mi^ht 
identify with, the solar cycle. This point required 
f u rth or e5<pl or a ti on *' • 

13.4.6 The problem of quantifying drought still remains. 
The water balance technique is a useful approach as it 
takes into account precipitation, evapotranspiration 

and Soil moisture storage and attempts to arrive at a 
balance between water gain and water loss. Actual 
observational data are lacking and water balance and other 
computations would have to depend for a long time to 
come on data calculated from theoretical considerations. 

13.4.7 The Indian National Committee for the International 
Hydrological Decade has set up a sub-committee on Water 
Balance to make an assessment of water of the Indian 

river basins and to rccoiomcnd broad outlines of future 
work including research studies to be undertaken. The 
work of this sub~committce should prove useful in the 
drav/ing up of definition of drought and future programmes 
of research, 

13.4.8 It should be clear from the above that the 
approach of trends,cycles, periodicity etc, is not 
feasible for forecasting drought, A. statistical study 
of rainfall or drought series could help in evaluating 
probability of different rainfall amounts of drought 
values and useful in indicating the risk of low 



60 


rainfall and attendant drought in the various areas of the 
country. However, comprehensive and systematic study of 
all past droughts by dynamic and synoptic - climatological 
methods both for a better understanding and for forecasting 
droughts is an urgent need. We recommend that this inportant 
project may be taken up jointly by the IMD and the Indian 
Institute of Tropical Meteorology in cooperation with ICZ»R, 

We have also dealt with some aspects of drought forecasting 
under Extended Range Forecasting later in this Chapter, 



5 VJEATHER BULLETIigS FOR FARMERS 

13.5.1 Besides rainfall# other weather phenomena such 
as occurrence of abnormally low or high temperatures/ 
cloudiness# high winds# hail# etc. are of importance to 
agriculture for protection against frosts# regulation of 
spraying of pesticides and protective measures against v/ind 
or hail damage. 

Present Service 

13.5.2 The IMD initiated an experimental programme of 
issuing farmers* weather bulletins in the 1930*s. A 
regu.lar weather service for farmers on a regional basis 
commenced operation in 1945, This consists of bulletins 
of actual and expected weather for each district for 2 or 
3 days# issued daily by the five regional meteorological 
centres (RMC) at Bombay# Calcutta# Madras# New Delhi and 
Nagpur and meteorological centres (MC) at Jaipur# Lucknow# 
Gauhati# Hyderabad# Bangalore and Trivandrum, Similar 
Centres are proposed to be started at Srinagar# Bhubaneshwar# 
Patna and Ahmedabad, V/arnings of adverse weather such as 
cyclonic storms# strong winds# heavy rains# hail# frost etc. 
are also included in these bulletins. These bulletins are 
translated into local languages and broadcast by various 
regional stations of All India Radio in their rural 
programmes. The bulletins are broadcast in the rural 
programme for the farmers through about 1#50#000 community 
radio sets all over the country. 

Crop Weather Calendars 

1305.3 For the guidance of the Meteorologists who issue 
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these jforecasts/ statowise crop-weather calendars in respect 
of each major crop for each climatologically homogeneous zone 
have been prepared by the Agricultural Meteorology Division 
of the IMD in consultation with the crop specialists of the 
States, The crop-weather calendars'*' were first prepared in 
the 1940's and are now being revised tojtake into account 
the requirements of nov/ly introduced varieties of crops and 
changes in cropping practices. The calendars depict the 
normal dates and duration of various phases of the crop and 
indicate the weather conditions of significance in each phase 
and a forecast of which will be of use to the farmers. While 
compiling the calendars/ requirements given by the State 
authorities have been interpreted in terms of practical 
forecasting capabilities. In order to enhance their utility/ 
we would suggest that separate calendars should be prepared 
for early/ normal and late sown varieties of each crop in 
different zones, W'e are aware that compilation of calendars 
for Varietal differences in crops I'^ould pose serious problems 
as inter-annual variations in weather cannot be adequately 
allowed for. Nevertheless/ a start in this direction is 
desirable. For preparation of the calendar/ information in 
respect of individual research farms all over the country''- 
may be useful. It would also be necessary to include in the 
crop-weather calendars information on crops like soyabean/ 
safflov/er/ sunflower/ cow-pea/ etc. which have assumed 
increasing importance in recent years. 


1. 1962, Weather and Indian Farmer/ India Meteorological 

Department/ Poona, 
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Limitations and Required Improvement 

13.5,4 The bulletins for farmers issued daily give only 
meteorological information in a general v/ay and/ in addition, 
include forecast on the type of weather likely to be 
experienced in the different districts of a meteorological 
region. From the farmers* point of view sUch a bullo^tin 
could not be of much use because it gives no indication of 
the steps the farmer should take in the light of a particular 
type of forecast valid for the next 24 or 48 hours. Ke 
would particularly need advice on the following: 

i) whether he could sow a particular crop vxhbn 
the requisite rainfall may be expected; 

ii) whether he should delay his sov/ing operation 
because the rainfall is not likely to occur; 

iii) whetl'ier he should resort to irrigation to 

save his standing crop because of expectation 
of a drought spell; 

iv) v/hether frost is expected and if so what 

measures ho should adopt to save his crop; 
and 

v) whether iTurnid weather is expected around the 
flowering time so that he could take plant 
protection measures in order to save the crop 
at such a crucial time from the effects of 
certain diseases or pests etc. 

It does not take time to realise his difficulty and therefore, 
before a particular weather bulletin is framed and issued 
for broadcast on the All India Radio,a joint discussion 
among the plant scientists, agricultural meteorologists and 
the forecasters is considered essential, A suggestion was 
put forward by the II-ID to the State Departments of 
Agriculture that at the time when the forecast is being 
drafted they may send their representatives for discussions. 
This task has become simpler after the formation of the 
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State Meteorological Centres in recent years, Th>^ra is 
close collaboration and coordination between the officials of 
the Departraent of Agriculture and the scient^ists of the 
agricultural universities and the respective State 
Meteorological Centres in the States of Karnataka and Tamil 
Nadu in the preparation of the daily weather bulletin. We 
strongly recommend that a common pattern on an all-India 
basis for a daily joint discussion between the plant 
scientists and meteorologists should be drawn up on the basis 
of the experience of these two States and that tnis should 
be compulsorily extended to all the States, Joint daily 
meetings between plant scientists and the meteorologists has 
recently taken another very useful direction. The latter 
half of 1975 saw the launching of the SITE programme 
(through v;hich the television facilities have been extended 
to a network of about 2,500 stations spread all over the 
country') ^ which includes also a feature advising farmers on 
agricultural operations in relation to weather. For this 
purpose, an Agricultural Meteorologist of the India 
Meteorological Departraent and representative of the IGAR 
cvery'day sit Vv^ith the forecaster at the Northern Hemispherical 
Analysis Centre of the IMD at New Delhi and decide hov/ the 
forecast should be oriented and telecast so as to be useful 
to farmers. In the light of the anticipated weather, the 
nature of operations the farmer should undertake with regard 
to sowing etc. or plant protection measures are all spelt out 
in the telecast programme. This is a welcome development and 
we hope that in course of time it will become a regular 
daily feature. 



Improvement in Dissemination 

13.5.5 Dam^'G.rs * weather bulletins are at present translated 

into regional languages and integrated nto the rural 
programmes broadcast over stations of All India Dadio/ 
usually once a day^ The bulletins should preferably be 
broadcast by AIR twice a day in the morning and evening 
during periods of high listener prefex'enceo Similar 
broadcasts could be made on television wherever such 
coverage is available, Distriot agricultural officers may 
be assigned the responsibility of regularly D.istening to 
farmers' weather bulletins and sending to the Directors of 
Agriculture and the IMD offices in each State/ periodical 
reports of their evalviation on the effectiveness of the 
bulletins and give their suggestions for improvement. They 
should particularly highlight instances when the operational 
farmers' weather bulletin helped or failed to help in 
protecting crops from the adverse effects of weather. This 
bind of feedback is necessary for effecting improvements in 
the agricultural ^/eather service. The IMD should evaluate 
each year the performance of the farmers* weather bulletin 
sem/ice and present the same at conferences of agriculturists 
at the State level foj: discussions between scientists as 
v/oll as the users. The ICAR should consider convening such 
periodical conferences for evaluation of weather service to 
farmers and for their improvement, 

13.5»6 An important problem concerns the communication 
facilities available at present for the dissemination of 
weather forecasts and v/arnings for agriculture. It is 
recognised that the present position is very inadeguate and 
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needs significant improvement but the setting up of an 
exclusive communication nctv;or)c for the purpose does not 
appear feasible at present. 

Weekly Crop-Weather Eulletins 

13,5.7 While the above arrangements serve the daily needs/ 
it is necessary that each State should prepare a v/cekly 
crop-weather bulletin containing a descriptive statement on 
v/eck's v;eather and crops/ temperature and rainfall of 
observatories in the State and a forecast of weather a week 
ahead. The responsibility for the compilation and issue of 
the v>?eokly bulletin should be that of the Director/ Bureau 
of Economics and Statistics of the State and where such an 
organisation is not responsible for agricultural statistics/ 
it may be of the Director who performs similar functions* 

In the preparation of the bulletin the Director will be 
assisted by the local Meteorologist/ the roprosentativos of 
the Director of Agriculture and the local agricultural 
university. The weekly bulletin should be issued on the 
same day in the week as that of the weekly weather report 
by the D'D, While enabling a close watch to be kept on 
week's weather and agricultural conditions/ it v/ill also 
help educauc its agricultural community in getting acquainted 
with weather and agriculture In a more intimate manner. An 
effort in this direction has already been made by Karnataka/ 
whose weekly bulletin format etc. is given in Appendix 13»1 - 
Statement x ^ sample. 



6 EXT'Sl'IDED RZVNSE FORECASTING 


13.6.1 Forecasts of weather for two days with outlook 

for subsequent two days are at present issued with reasonable 
degree of confidence. For longer periods say a week/ a 
month and season/ the problem continues to be one of 
great complexity, A few countries issue such forecasts but 
the general solution has defied attempts so far. The need 
for such forecasts for agriculture iS/ however/ very pressing. 
It may be relevant to state that the forecasting of monsoon 
rainfall a season in advance,formed one of the important 
recommendations of the Indian Famine Commission aven . 
earlier than 1880, A brief reference to the efforts made 
in India is given in the subsequent paragraph. 

Seasonal Forecasting ~ India 

13.6.2 * India has been issuing seasonal forecasts of 
monsoon rainfall for over 8o years and the method followed 
for the last 50 years is the correlation approach. Factors 
likely to be associated with Indian rainfall have been 
examined on global basis taut only a few factors have shown 
significant correlation and fewer still have maintained 
their original significance. The factors thus selected have 
been fitted into a linear regression equation which is used 
for prediction. The factors and the i-egression equation 
arc periodically examined for significance and new factors 
introduced to maintain significance/ as and when necessary. 
Throe seasonal forecasts are issued every year covering 

(i) the southwest monsocn months of June to September. 
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(ii) August and September and (iii) the winter months of 
January to March, For (i) and (ii) the areas covered are 
the Peninsula and northwest India and for (iii) northwest 
India only. Details including areas covered/ factor's 
employed/ dates of issue etc, are given in Appendix 13.1 ~ 
Statement XI. As the formulae have varied/ only the 
actual performance against the forecasted value has been 
verified and it is found to be about 7o per cent. While 
the performance is not striking/ it cannot be regarded as 
unsatisfactory either. The forecasts are/ however/ of 
limited utility as they cover vast areas and the multiple 
Correlation Coefficients (CC) of the regression equations 
are in the range of 0,68 to 0,75 only. 

Long Range Forecasts 

13.6.3 A helpful approach for prediction of rainfall a 
year ahead or for longer periods could bo by detection of 
trends and/or periodicity in long term records of rainfal] 
Studies of a number of stations in the country have with 
minor exceptions (Konkan) not revealed any significant 
trends or periodicity, A quasi-biennial oscillation of 
nearly 2 years has been noticed in rainfall series over 
many stations in the country. These and indications of 
eleven-year periodicity akin to sun-spot cycle havc/ 
however/ small amplitudes, not large enough to have 
significant influence on the total rainfall regions. One 
would,therefore, have to try other methods. 

Dynamic Climatological Techniques 

13.6.4 With availability of large-sized electronic 
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computers and magnetic data storage facilities in the HiD/ 
development of medium and long range forecasting tcchnioiaes 
should be attempted with high priority. This could be 
done (i) by intensive correlation studies involving a 
large number of factors - surface, upper air and possibly 
extra-terrestrial, (ii) by deriving statistical and semi 
empirical foritiulations for smaller areas and for smaller 
intervals of time and (iii) by use of dynamic climatological 
methods. In the third method, a set of derived 
meteorological parameters like vorticity, vergences, wind 
shears, vertical motion etc. have to be computed from 
average and daily data. These parameters have to be used 
with known and tested physical relations and prognostications 
attempted. Statistical analysis of derived parameters from 
such prognostic studios may. then be tried. For medium 
range forecasts J'.'JUmerical Weather Prediction (NWP) 
techniques should be evolved for forecasting precipitation, 
temperature anomalies, etc, upto 5 to 7 days, 

Vvorld Weather Watch 

13.6,5 Under the World Weather Watch (WW’W) project of 
the World Meteorological Organisation, the world 
meteorological centres at Washington, Moscow and 
Melbourne would be preparing forecasts for extended 
periods ranging from 5 days to a month or more, with 
the aid of large computers. The regional Meteorological 
Centre of WWW at Nev/ Delhi has facilities to obtain these 
forecasts from the world meteorological centres on fast 
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telecommunication channels. It also receives global 
meteorological data as well as cloud imagery relayed from 
orbitting meteorological satellites^- round the clock. An 
IBM 360/44 computer has been installed at this Centre and 
should be used for experimental extended range forecas-ts 
for India and neighbourhood upto 5 days with the aid of the 
large amount of data obtained through WWW channels. 

Monsoon Experiments 

13,6,6 Our knowledge of many aspects of the Indian 
southwest monsoon on which a large part of Indian agricultural 

i. 

production depends is ejven now far from complete. A special 

experiment (MO^X) has been planned as a part of the Global 

Atmospheric Research Programme (GARP) jointly by the World 

Meteorological Organisation (WMO) and the International 

Council of Scientific Unions (ICSU). The first phase of 

the programme started during the monsoon of 1973 in 

collaboration with USSR and four research ships of USSR 

and two of India participated in this phase. The study 

will be intensified during the first GZ-^RP Global Experiment 

(FGGE) to be conducted jointly by WMO and ICSU during 1977. 

A Geostationary Meteorological Satellite (GMS) is planned 

o 

to be launched by USSR over the equator at 7o E and will 
keep a constant watch over the weather over India and the 
surrounding areas v/ith capability to relay pictures of 



developing cyclones or advancing monsoon clouds once every 
20 minutes, A variety of nev/ techniques are being evolved 
to obtain data on winds, temperatures/ humidity etc, frcm 
all over the globe during GARP, With the help of those 
technological developments and large computers it should 
be possible to obtain more definite knowledge of the 
physical processes of the Indian SW Monsoon by the end of 
this decade and develop reliable techniques for medium 
range and long range forecasts of its advance, pulsations 
and withdrawal for the use of agricultural community. 
13.6,7 In view of the large and complex problems 
involved we strongly recommend that research into the 
various aspects of the subject including those outlined 
above should be given priority. The entire range of 
subjects could be grouped under Extended Range Rcrocasting 
and work distributed among the IMD, Indian Institute of 
Tropical Meteorology', and other interested infjtitutions. 
Sufficient funds should be made available by Government 
and an advisory group should be set up under the 
chairmanship of the Director General of Observatories, 
v;ith membership from Meteorological Department, IGr^k.R, 

UiRI and Agriculture Departments of the States to 
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periodically review and draw up concerned programmes for 
speedy implementation. 



7 CROP WEAiHER RELATIONSHIP 


13«7*1 A number of research institutes and organisations 
are at present engaged in the study of crop « weather 
relationships* Certain biochemical aspects of crop'-wGc.thear 
rclcitionships have been referred to in Section 3* The IMP 
is studying various aspects of drought, forecasting of crop 
yields, dry farming etc* h Crop Noather Studies Unit has 
been set up in the Directorate of Economics and Statistics 
in the Ministry of Agriculture and Irrigation to concerirratG 
on the publication of long term comparablo data on crops 
and v;eathcr/ derivation and computation of rainfall indices/ 
analysis of crop weather relationship betv;een weather and 
crop production etc* Tlie lARS and the lARI are engaged in 
ej^jerimental work on crop weather relationships* Some of 
the agricultural universities have also been engaged on 
studies in this irrtportant field. 

’/vaather Parameters and Crops 

13,7.2 Crops are greatly d:^'cndcnt on weather during the 
periods of growth and particularly in the critical pha.sos 
like germination, flowering, seed setting, manuring etc* 

For healthy grov/th and good yields/ certain optimum 
conditions of rainfall/ temperature/ v/ind/ sunshine, soil 
micisture etc. are essential. Hov/ever, the problem is 
complex and much work would have tob e done to arrive 
at dependable relationships in qiiantitatlve form batv/oen 
these factors and yields of cro 2 :)s. Such studios are 
being actively pursued in many countries. In the USA 


croo yield studies are made .regression techniques, 
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both linear and curvilinear. In addition to weather 
factors/ technological trend is used both in its linear and 
quadratic forms. In tho: USSR crop yield forecasts# using 
curvilinear techniques# are issued. Besides weather 
parameters# soil moisture# stage of crop development# soil 
type and evapotranspiration are also considered. Instrumezited 
aircraft are employed to obtain information on average as 
well as on the state of growth of the crops* Ninety per cent 
success has been claimed* Research work in this field is being 
done in Canada and Australia also. In India data collected 
under the All-India Coordinated Crop Weather Scheme 
introduced in 1945 have been statistically analysed using the 
techniques of regression# Fishej?s response cnirves# fitting 
probability distributions of meteorological factors and 
Ezekiels’ curvilinear regression. The studies have brought 
out the relatively large dependence of crop growth and 
yield on rainfall and its distribiition in various phases 
compared to other meteorological parameters. At Niphad 
(Maharashtra)# Dharwar (Karnataka) and Powerkheda (Madhya 
Pradesh) rainfall above normal in the month preceding sowing 
and in germination phases has been found to have beneficial 
influence on wheat yield* At Niphad and Jalgaon (Maharashtra) 
an idea of the final yield of wheat could be had from the 
nature of germination and shoot growth when the crop is 
two months old* An early study on the influence of rainfall 
distribution on cotton yields at Akola and Jalgaon has 
shown that an additional inch (2*54 cm ) of rain in the 
fourth week of May has an adverse effect. Heavy and 



continuous rainfall in the latter half of July and the 
first half of A;agust affects the yield adversely as it 
gives rise to weeds and v;ater logging and delays v;eedlng an 
interculture operations# Heavy rain at the end of 
September or the early part of October damages tlie cotton 
crop by causing the shedding of bolls# These and various 
other studies were carried out with data from e^qjerimental 
stations over limited periods# They were also severely 
conditioned by non—availability of uniform data over long 
periods. Added to these are the diversity of farming 
practices in the country which limited the extension of 
field e>:perimental results for assessment of overall 
crop yields* 

Crop Yield Formulation 

13.7#3 After the droughts of 1965 and 1966, the IMD on the 
recommendation of the Planning Commission set up a unit in 
the latter half of 1967 for investigations on drought 
climatology and for developing techniques for issue of 
crop yield forecasts using meteorological parameterso The 
work involved detailed statistical analysis to Isolate the 
critical periods in weather factors which have significant 
association with crop yield* These are combined to derive 
linear regression equations and used for forecacting'•' 
yields of crops. In the case of rice, the distribution 
of rainfall during the crop growing season is found to 
be the most crucial weather parameter; teriperature 
plays only a minor role. For v/heat, pre-season 
precipitation and distribution temperature during crop 
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growing season are inport ant* Minimum terperature between 
5*6*^0 and 7.2°C and maximum terperature not exceeding 
21.1°C are generally conducive to better wheat yieldo 
Critical periods when weather elements significantly affect 
yields of rice are given in Jpoendix 13.1 - Statement XII. 
Formulae have been developed for 22 sub—divisions of the 
country for quantitative yield forecast of rice/ 6 for yield 
of wheat/ 2 for yield of bajra and 5 for jowar in dry 
farming area. Tentative forecasts for kharif rice are 
framed in August/ September and October and final forecasts 
in November. Work on similar lines is being carried out 
at the lARS on the basis of data from six experimental 
stations. It has been found that rainfall during the 
period January to /^rll has contributed significantly to 
the yield of the wheat crop. A study of the response of 
yield to rainfall indicated that in un-irrlgated tract the 
rainfall v/as beneficial to the grovrth of the crop during 
the entire crop season/ while in the irrigated tract the 
rainfall during the months of December and March had a 
damaging effect on the crop. 

13.7.4 In the case of rice, the rainfall in July is, 
beneficial to the crop while in August it has some adverse 
effects. Similar studies were also conducted in respect 
of jowar/ cotton, groundnut and barley. It was noticed 
that about 90 per cent of the variation in yield was 
explained by the Variation in rainfall in the case of 
cotton and groundnut while this variation was of the 
order of about 45 per cent for jowar and barley. 



Crop Yield and Rainfall Distribution 

13,7,5 The Institute of Agricultural Research Statistics/ 

New Delhi,has carried out linear regression analysis with 
yield as the dependent variable and total rainfall during 
the five crop growth phases as independent variables. 

About 47 per cent of the variation in wheat yield v;as due 
to variation in the rainfall during each period. Rainfall 
during pre-sowing/ flowering and grain formation period was 
more important and effective as compared to rainfall in 
other periods. In Raipur district of Madhya Pradesh.., the 
total rainfall for the months of June and August does not 
have much effect on rice production/ but the total rainfall 
during the months of July and September has greater 
influence on the .crop yield. During the month of July a 
deficiency of the order of 16 per cent in rainfall showed ' 
an adverse, effect on crop production/ while the corresponding 
percentage in the month of September was of the order of 
13 per cent. The above findings have been confirmed from 
the physiological point of view also. ■ Computation showed 
that a deficiency of the order of 16 per cent of more might 
be observed once in three years. This could happen for two 
consecutive years once in sixteen years® Ihe data were 
also examined to study the pattern of occurrence of 
rainfall with the help of Markov Chains for the crop 
season - June 1 to September 30, Probabilities of a day 
being wet or dry depending on weather conditions on the 
previous day were thus conputed^ 
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Rainfall Indices 

13.7,6 It has been observed that there are considerable 
variations in the amount of rainfall received within 
a State or even a district. Further# there are variations 
in the amount of rainfSlT received within a crop season 
in a particular area. The Directorate of Economics & 
Statistics of the Union Ministry of Agriculture and 
Irrigation# have initiated the coirpilation of rainfall 
indices for different crops and groups of cropso The 
actual rainfall in a particular month or season is 
e5<pressed as the percentage of the normal. Only those 
regions,/States are considered v/here the crop is grown 
to an appreciable extent. Further# only the period of 
the grov/ing season - from preparatory tillage to 
harvesting - is studied. In the case of rice, rainfall 
indices for 9 States, accounting for about 90 per cent 
of the total production of rice, have been worked out 
by weighting the individual State/Sub-Division during 
1964—65, which was a normal year. Similarly, for wheat, 
rainfall indices have beean constructed for the period 
September—April for 6 States, accounting for about 
92 per cent of the total production of wheat in the 
country. For all the foodgrains considered together 
the rainfall indices for each of the four season viz. 
Monsoon (June-September), Post—Monsoon (October-December), 
Winter season (January-February' and summer (March—May) 



have been constructed by coinbining the indices for 
12 States accounting for about 90 per cent of the total 
production of foodgrains in the country* These 
indices have been compiled from 1950-51 onwards* 

It is proposed to correlate yields/preduction with 
these indices to enable (i) an assessment of the effect 
rainfall on the yield/production of individi.ial crops,- 
and Cii) forecasting of crop yield/production at 
different stages during a crop season. A limitation 
of this method is that equal welghtage has been given 
to the monthly rainfall during the entire life cycle 
of a crop. Further# a month may be too long a period 
to alequately cover the life cycle of a crop* It is# 
therefore# suggested that (i) periods smaller than 
a month should be considered for construction of 
rainfall indices; and (ii) a' system of weights should 
be developed on the basis of experimental data to 
combine the rainfall indices during the different 
phases of crop gro\';th. A study should be conducted 
to determine the variability in weekly# fortnightly 
and monthly indices. 

Contribution of Technology to Crop Production 
13,7o7 It is generally difficult to isolate the 
contribution of technological development and 
favourable weather to increased crop production® 
However# taking into account the available data# 



80 


which is scarce, it may be possible to arrive at an 
estimate of their r'^lative magnitudes* Such a study 
could profitably be undertaker.'^in rainfed areas of the 
country. Studies on crop—weather relationships by the 
IMD indicate that in the case of rice-yields the 
percentage vax'iation accounted for by technology varies 
from 4 to 46 per cent in different regions. The 
percentage variation in the yield of rice accounted 
for by the technology alone for some of the sub-divisions 
of the country is given in Appendix 13.1 - Statement 
The upward trend due to advances in technology — inproved. 
seeds, fertilizers, pesticides, etc. is discernible 
in many areas especially after 1950. In the case of 
Tamil Nadu and Andhra Pradesh, an earlier technological 
trend is noticed from 1906 to 1920 presumably due to 
extension of irrigation facilities. 

Physiological Response of Crops to V/eather 
13.7.8 For a better understanding of the crop-weather 
relationship it is necessary to assess the 
physiological response of crop to weather. Tovjards 
this objective/ firstly intensive measurements of 
micro-meteorological parameters would have to be 
made for an assessment of water balance and energy 
budget in crop environment. These e>tporimentc spread 
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over a relatively short period of about five years 
have tote replicated in space and time at a number 
of places close to one anotharo These measurements 
have then to be evaluated in 3.aboratory operiments 
under controlled conditions. Secondly# climatic 
data collected from meso-scala network have to 
be applied to solve practical problems of a farm 
area of several hundred to several thousand 
hectares. Data thus collected should be used to 
Ca) explain fluct;iaticn of yield# (b) select times 
of planting and har\''est and (c) guide Irrigation 
scheduling and other cultural operations. Thirdly# 
data collected on macro-scale could be used in 
development of formulae for forecasting crop 
yield. 

13<>7,9 Crop weather studies by the IMD should be 
intensified and forecast formulae developed on a 
district-wise basis taking into account such 
additional factors as soil moisture# irrigation# 
consirnption of fertilisers# and area under higla 
yielding varieties. Further# such relationships 
would have to be continually revised to suit 
the changing conditions. 

13e7»10 Efforts should be made to collect detailed 
data on acreage* •'d.eld#' otc. according to (a) varieties# 
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Cb) irrigatGd and un-irrigated/ and (c) various cultural 
practices like drill sown, transplanted/ broadcast/ etc. 
so that it may be possible to arrive at more precise 
crop—weather relationships. Efforts should also be made 
to attempt forecasts of acreage under crops on the basis 
of climatological march of weather and other factors 
like prices of corrpeting crops. 



8 WSATI-iER MODIFICATION 


Basic Consideraticns 

13e8»l Even during rainless spells in the ^aonsof n, the 
atmosphere has ns much precixjitable v/atcr in seme places as 
during active peric^ds and extvensive clouds may pass ever a 
region without precipitation^ Cloud seeding is ths tecy:nirao 
by Vv’hich clouds could be induced to precipitate on such 
occasic-ns. In 1938, the feasibility of rain stimulation 
c\nd hail suppressic-n through the introducti- ri of artificial 
sublimation nuclei into supcr-coclod clouds was established 
by Findcisen, on theoretical grounds. Interest in the v/ork 
remained obscure till 1948 vrhon Schaefer used dry ice 
I^erticlcs as artificial ice crystals to stimulate rain on a 
deck cf super-coolod altocurmXLus clouds and Vonnegut found 
that silver iodide particles, being similar in crystal 
structure to ice were, more effective than dry ice at 
tciT!T:>erature below 3'^C« Since the mechanism of formation 
of rain in ‘warm* clouds (above o'5 temperature) is through 
doalescenco of v;ater droplets, use of hygroscopic nuclei 
like common salt and Galcirm dilcride v;hich aid the 
production of large size water droplets, are found to be 
effective. Seeding is best done from aircraft flying 
insid.o the cloud. It can also bo done, but in a less 
effective manner, from nuclei generators located on the 
ground, Condensati'-n nuclei, mostly Silver iodide or 
dry ice (Solid Oarbon dioxide), have been used to seed 
clouds in the temperate countries. Hygroscopic nuclei, 
mostly common salt or Calcivim ailoride, have been 
em):)loyed in the tropics. 
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Cloud Seeding Eijiperiments 

13.8*2 Beginning in 1947 cloud seeding experiments have 
been carried out in Australia, USA, Japan, USSR and Israel 
and the results are summarised below; 

(i) Australia; Experiments have been conducted in 
five locations since 1947c Of these at only 
one location was a significant increase in 
rainfall noted. At three locations there was 
definite decrease while in the fifth region 
there V7as an increase of only 4 per cent in 
the precipitation. 

(ii) USA; Cloud seeding on strict scientific 

lines was begun in 1952. Preliminary results 
of some of these indicated increase in 
precipitation. The experiments carried out 
in Florida for drought alleviation, indicated 
that nearly 5o per cent of the total rainfall 
cam.e from seeded clouds* But instances of 
decrease in precipitation following seeding 
have also been reported. D^niarnical cloud 
seeding of individual clouds by massive 
injection of seeding material by pyrotechnic 
devices have been conducted since 1964 in 
Florida, California and the Carribean. The 
technique is an improvement of the normal 
cloud seeding methods in that it aims at the 
release of latert heat of fusion by freezing 
the supercooled water droplets above the 
freezing level in clouds, thus inducing the 
cloud to grov; and deposit its rain content. 

The growth can be vertical as well as 
lateral and the results could ?ec spectacular. 

In a recent experiment on drought mitigation 
in Florida by dynamical cloud seeding, it 
was estimated that the bcnefit~to—cost ratio 
was as high as 31;1. Rainfall of about 
100,000 acre feet was attributed to the seeding. 

(iii) Japan: During the period 1947 to I960, cloud 
seeding trials have been carried out by 
major universities. About 20 per cent 
increase in precipitation in a five-year 
ground based experiment was reported. 

The trials of v/arm and cold seeding 
carried out frem 1961 to 1967 have led 
to mixed results. 

(iv) USSR: Rain making is considered as a 

proven success in the USSR w'here i'.lje total 
number of personnel working in the field 
runs into thousands. The ojqscrience 
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gained in the field of rain making is nov/ being 
made use of for the purpose of fighting forest 
fires. The ej{perimental and operational cloud 
seeding projects in USSR rna]^ use of both 
conventional and dynamic seeding techniques. 
Thunderstorm dissipation project v/as started 
in the early sixties. The powders used for 
seeding clouds are finely powdered cement and 
Cupric Oxide, Seeding operations were 
accomplished from aircraft by flying at 
heights ranging from 6 to 12 km. Ordinary 
aircrafts were used for flying in the lower ^ 
height range and jet aircraft in the higher 
height range. About 200 clouds vjere seeded 
over a period of 5 to 6 years. The amount of 
cement used for seeding ranged from 5 to 10 kg 
in Cumulus Congestus and to 40 kg in a thunder 
cloud. Within 10 to 20 minutes of the 
injection of m.aterial into Cumulus Congestus, 
the cloud either dissipated or transformed 
into altocumulus. In the case of thunder 
GioudS;, the dissipation took place within 
30 minutes of seeding. In both the cases, 
the material was introduced from the top of 
the cloud. Better results were noticed when 
the top of the cloud consisted of supercooled 
drops, Ttie cloud tops ranged in temperature 
from 20°C to 35°G, Experiments conducted in 
the winter stratus clouds (clouds top - 18°c) 
whose depth varied frem 2 to 3 km indicated 
negative result, 

(v) Israel: In the trials conducted from 1961 to 
1966, positive increase in precipitation has 
been noticed every year. An overall increase 
of 18 per cent was indicated. For the interior 
areas alone, the increase was 29 per cent. 

Artificial Rain-making Experiments 

13,8,3 With the aid of ground based Silver Iodide 
generators experiments were conducted by some private 
companies on the Western Ghats during the year 1951-53, 
Seeding with the aid of aircraft was also attempted by 
a few State Governments, There was, however, no 
attempt on the part of any of the rain makers to 
conduct ejq^eriments on a scientific basis to answer 
the question whether the showers that occurred after 
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the seeding cioud have occurred oven without it. The 
first conference of scientists to consider the px'oblerr.s of 
artificial rain-making in India was held at Delhi in 1953 
and on its recommendations/ a Rain Research Unit was 
started in 1955 at the Natic.'nal Physical Laboratory/ Delhi. 

It is now a part of the 3hdian Institute of Tropical 
Metftorology at Poona. E3<pcrimcnts using warm cloud seeding 
have been conducted, on randomised basis/ from ground/ 

4 monsocn periods at Jaipur (l96o—63)/ 6 monsoon periods at 
Agra Cl96o—65) and 9 monsoon periods at Delhi (1957-61') 
1963—66) in the plains of north India. Tl-ie seedings were 
also carried out from aircraft during the monsoon period 
(1962) at Dellii. Orographic clouds were seeded for tvjc? 
summer seasons (1964-65) over the Munnar hills in South India. 
An increase of 20 per cent in the seasc'n’s rainfall could be 
attributed to the ground based cloud seeding. Cold cloud 
seeding from ground based generators has been conducted at 
Delhi for three successive winter seasons. The number of 
seedable occasions available being small in each winter, 
the 05<porimonts v;ill have to be continued for some more 
seasons before dependable conclusions become possible. A 
scheme for conducting ground based seeding experimenta 
near Madras and seeding to the leeward of the Western 
Cjfhats by using common salt in a finely powdered form has 
been sanctioned. In this ycQr,(i975), &^?^ooding was tried 
in Madras area and in Karnataka also. 

13.8.4 Hail Suppression: Another field of interest in 
weather modification in India is hail suppression. 

Extonsi''’'o damage by hail is , caused to horticultural crops 



87 


like applG orchards and rabl v/heat in the ripening stage in 
Punjab/ Haryana, Himachal Pradesh, Jammu & Kashmir and part of 
Uttar Pradesh during the winter, pre—monsoon and post-monsoon 
seasons. The method used for suppressing hail is over—seeding, 
v/hich aims at production of more ice crystals to serve as 
potential hail-stones which together with the naturally created 
ones grow only to a limited size thereby considerably reducing 
the damage. The seeding is done with the help of aircrafts or 
by firing rockets to release seeding material into clouds. In 
USSR whore the most spectacular results of hail suppression 
have been reported, estimates of the benefit-to—cost ratio arc 
said to vary from 5si to as much as 17:1 depending on the region. 
While demonstrable evidence is available for an increased 
stimulaticn of rainfall in the seeded areas# the possibility 
of indiscriminate seeding Icaddng to a decrease in rainfall 
over the target area also exists. The position regarding hail 
suppression seems much less convincing. Since the synoptic 
meteorologist is vinablc to forecast the occurrence of 
precipitation or hailstones from any given unseedod cloud, 
clouds have to be selected by random sanpling for seeding, 
thus increasing the difficultiC.-s in assessing the results of 
cloud seeding. Use of computer models, along v/ith the use of 
radio-active nuclei, observations by radar and by a groxmd 
observation notwo-rk in the target area C'.>uld aid in the 
acquisition of reliable d'-^ta to ascertain, the efficiency 
of seeding. 
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13.8.5 Devolcpmcnt of SoGding Agents: Apart from the 
Conventional Silver i'odide the IITH/ Poona has succerjrled 
in developing mixture of AQI and some iodates which are 
capable of producing glaciatirn at temperatures close to 
O^G, The ashes of 'khvair' plants grevn in Haryana have 
also been found tr be effective as seeding agents, 

13.8.6 Ec'ncmic Aspects: The increase of 10 to 20 
per cent in precipitation in situations where rain 
would have fallen in the natural course is indicated 

by the ground based seeding e^eriments in Indlao Cloud 
seeding v/ill be of s<:;mo value in relieving drought and 
can lead to significant improvement in crop yields/ 
if carried out successfully at critical perieds. It 
has been estimated that a 1 per cent increase in 
precipitatir.n in hydroelectric catchments will 
compensate the cost of the cloud seeding operations/ 
vrhile' in purely agricffultural regions increases of as 
much as 5 per cent in precipitation may be reg'-iirod 
to pay off for the operati/ns. As mentioned earlier/ 
the technique of dynamic cloud seeding holds promise 
as a reliable method of producing artificial rain 
when suitable clouds exist. 

WMO’s Views 

13.8.7 In connection with the above it is relevant 
to refer here to the statement issued in Juno 1974 
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by World Meteorological Organisation (WMO) in 
GeneVa. While surveying the present position they 
emphasised that weather modificati'n was still 
largely at the research stage and operations should 
be undertaken only after the mest careful study by 
c3{pGrts of the particular situation on the 
understanding that the desired end-results may nv-t 
always be achieved. The fiall statamont is given 
in Appendix 13.1 - Statement XIV. 

Future Plans 

13.8.8 The 1972 drought focussed the attention 
of Government and scientists to initiate weather 
modification ejqDcriments in the country at an early 
date. The Union Minister of science and technology 
held a meeting with scientists in May 1973 to 
disrsuss the feasibility of existing techniques 
as a result ofvJiich it was recommended that 
ejq^eriments should be undertaken during the next 
two to three years using both the Inejq^ensive 
ground based seeding technique developed in 
India and the sophisticated dynamical cximulus 
modificaticn techniques developed in USA. 

Keeping in viev; the WMO statement/ we recommend 
that it is essential and urgent to strengthen both 
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the research and operatirnal aspects of the present 
organisation in the IMD and the Indian Institute of 
Tropical Meteorology to enable them conduct further 
trials and experiments for the next two to three years 
to arrive at dependable conclusions* 



9 RKSE:.RCH, EDUG;.TT01'J 7^’D TRAIj'-^ING 
T-ilTD INT.'^RKATIOW/i, COOPER.MION . 

Research 

13.9el Several problems Involving research^ analysis and 
investigation in the field of agrometenrology have been 
mentioned in the preceding Secti'ons* In addition seme more 
are indicated belcnv. 

Mathematical Simulation Modelling 

13.9.2 In recent years investigations are in progress on 
mathematical simulation modelling in agrometeorology for the 
quantitative evaluation •'£ the effects of agrometeorological 
factors on the condition and productivity of agricultural 
crops. Ihis is a v/elcome development. The present state of 
v7ork in this field needs review for application of such 
models to Indian data and conditions. IMD in consultation 
with lC<aR should work out a joint programme of study using 
this approach. 

Pr:'duction Puncti'"'ns for Crop Yields 

13.9.3 The Planning Unit of the Indian Statistical Unit, 

New Delhi, has been engaged in studies on production 
functicjns for cr'p yields X'/ith dated inputs of irrigation 
water. For studying economically optimal use of water it is 
necessary to know the shape of the crop response function 

to different quantities of water \ised by the crop 
throughout its growth cycle. ' An important factor in this 
is the sf'il moisture release curve which is used as an 
indicator of actual yield. Evapotranspirati-'n data 
are important in all these studies but lack of actual 
observational data has necessitated the use of computed 
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values based on a number of assumptio.ns» /iLCCording to a 
1 

paper on wheat prepared by the Planning Unit/ the results 

seem encouraging e^/en after use of corrputod values of 

evapotranspiration. It is desirable that such studies are 

extended using actually observed evapotranspiration values 

which are becoming available at some stations and in their 

absence use of recent co'rrputod values* 

Irrigation Evaluation 

2 

13.9.4 A study has been made on the estimation of direct 
returns from supplemental irrigation of a monsoOn rice crop 
as part of a broader objective to determine whether irrigation 
water in Raipur district of Madhya Pradesh might be 
profitably reallocated to a vrhioat crop during the arid 
months of the year, Tao anadysis is detailed and. uses 
probability considerations. Pan evaporation data have been 
used as a first approximation of paddy e^napotranspiration. 

Thcj estimated water need during September - October stress 
period is a rainim’um of 17 an and maximum usable of 33 am. 

The general conclusion on the basis of conditions cus 


1 Minhas/ 5.S,, KoS. Pa.rikh and T.M.* Srinivasan/ 1973> 
Tovrards the Structural of a Production Function for 
v'Thc<at Yields v/ith Dated Innuts of Irrigation Water^.. 
Discussion paper no. 59/ JElanning Unit/ In.li.an 
Statistical Institute/ New Delhi. 

2 Idiom.as F« Weavc-r^,._ 1968. Irriaatic.)n Evaluation undep 
. Monsoon Rainfaj.l Patterns. — ca.sp studv for Rainu.^ 

District. Madhva Pradesh/ Indiat Cornell International 
Agricultural Devolcjpment BiUJetln 10/' New York State 
College of 7j.gricultui?o. 




prevalent at the time v;as net favourable for reallocation 
hypothesis* It v/ould be uneccnoinJ.cal to allocate water 
applied as supplemental Irrigation on monsoon paddy to 
irrigated dry season wheat. It has been observed in the 
preface to this study that the author and his family lived 
in the area for fifteen months and collected the requisite 
data after careful scrutiny and checking. This considerably 
enhances the value of the study. Studies of the above type 
are desirable for a proper evaluation of irrigation and 
yield relatic-nshlp of crops, 

7i.groclimatalogical Maps . 

13,9,5 During the past few decades/ considerable volume of 
agrcmeteorological data have been collected and some of it 
has also been published. The time seems opportune to 
carefully examine and review the feasibility of preparation 
and publication of an agroclimatic atlas giving at least 
essential agroclimatic maps. Requests for such maps are 
also reported to be on the increase as there is at present 
no such suitable Jitlas. It is understood that the II'f9 
has plans for publication of such an at.Jas, The rontents 
of the proposed atlas should be worked out in detail in 
consultation with ICJiR and Directorate of Economics and 
Statistics/ Ministry of /igriculture & Irrigaticn so that 
it wculd servo as a scurce of reference to a v^ide class 
of users. The stress in the Atlas would no doubt boon 
maps having a close bearing on agriculture. In this 
ccnnectirn it may bo monti; ned that the Commission for 
^Agricultural Meteorology of VJMO at its Sixth Session 
hold in October/ 1974 has appointed a Rapporteur on 



Agroclimatic Maps^ to examine the problems of different 
scales and to make proposals for the specifications of 
agroclimatic maps. It would bo very desirable that the 
specification drawn up by the IMD should conform as far as 
practicable with those of WMO® 

Educatirn cond Training 

13.9.6 In our Intera.m Report on the Establishment of 
Agrometeorc'logical Divisions in Agricultural Universities/ 
wo have recommended as follcv^s: 

(i) A Divisifjn of Agricultural Moteorolcgy should 

be started in every- agrj.cultural university and 
certain other selected universities.and 
central institutions which have the requisite 
facili-b‘.es. 

(ii) The Agrcmoteorolcgy Division shovild deal v/ith 
meteorological research of biological nature 
and also teach agricultural meteorology at all 
the levels. 

(iii) ICAR should establish and finance the 

xAgrometeorological Divisions in the Universities 
and also draw up the qualifications for staff 
and syllabi for the various C'ourses. 

(iv) Every /^grometeorological Division should have 
a well equipped first class field observatory. 

13.9.7 VIq have reccmmcndcd the opening of a large network 
of soil moisture/ phenolcgical and other types of 
observational stations. With such large numbers/ insem/ice 
training of staff in practical observational v/ork assumes 
considerable significance. The need is for training of 


1 fvbridood Final Re/ort • 1975/ Si,7cth Session of 

Commission for Agriculturol Moteprolocv/ Washington lfb'2S 
October./ 1974. WMO No, 402. Secretariat of the World 
Meteorological Organisation/ Geneva/ Switzerland, 
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lower level staff c-nsisting of unclorgra-luates and 
Socendary Schccl CGrtificatG holders v;hc v;ill be roqviirocl 
to man large number of raingaugos, soil moisture and other 
obsorvati' nal stations.. The insGim/icc training slioul'l ba 
arranged by the co^ncerned organisati’ns in consultation 
and cooperation with thG agr-'meteorology dlvisi-'n of the 
IMD, Specialised, training as reqxiircd should be arranged, 
in consultation with the IMD. .In all these training 
jDrogrammes/ cooperation and coor'Unation between State 
agricultural organisati ns and IMD are essential. 
Intornatlcnal Ccoperotion 

13o9.8 The World Meteorological Organisation is a 
Specialised hgency of the United Nations Organisati ■n.' and 
the Commission fr'r agricultural Meteorology is one of its 
eight technical comraissions. The permanent .representative 
of India on the V7c'rld Meteorological Organ is at i-n is the 
Director General of Obsom''atoricG o.f the IMD. The 
technical commissin.-ns hc'ld their meetings once every f^ur 
years o In the past a reprosenrativo from the IMD usod. to 
be deputed to attend the meetings•> The Comnission fr^r 
Agricultural Meteorology held its Sixth Session Ir, 
Washington from October 14~25/ 1974. The subjects 
discussed included, methods in agricultural meteorclo.gy, 
meteorol'ngical factors an-'' agricultural produetif'n/ 
m difi cation and contr^^l of the agricultural environment/ 
dr’ught and agriculture/ meteorological aspects of 
soil degration and fertility'’/ forest meteorol-gA// v;eather 
f ■■recast.ing f^r agriculture/ v/eathor and climate and 
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f-.'-ccl j:>r;'clucti<-n, oc^ nomic bonofits of agrrmotecrological 
servic-s an’’. trr.ii.dng anil syTTprsia in agricultural 
iriGteorol' gy. One of tha raajor items v;as cliraato anl fi ocl 
prc 'luctirn. The impc rtanca c'f the subjects cliscusso^'l b th 
fr'm the met cord-•'■gi cal aii'-l agricultural points of viov; 
ncec^s nr emphasis* Rapid develcpmonts are taking place in 
science and tcchndf'gy and. international meetings afford 
valuable opportuniti s for mutual exchange of views and 
discu.ssi ns* In a field so vital as agricultural meteordi gy 
we rec- mmend that every effo-rt sh'‘uld be made to depute 
agrometoorolo-gists also to the Commissio-n's meetings* , 



10 ORGANISATION OF METEOROLOGIG?JL< 

OBSERVATORIES AND RTtlNGAUGES 
FOR 74 GRICULTURE 

13.10.1 The India Meteorological Department has a wide 
network of about 5oO synoptic observatories for recording 
various weather observations. Besides# there are a number 
of hydrometeorological observatories for collectinn of basic 
hydrometeorological data for planning river valley and flood 
contr^"! prf jects. In addition# there are about 50 
agrometoorological stations maintained by different State 
agriculture departments that provide i:n a routine basis 
simultaneous meteorological and biological information 
regarding gr^th and yield of inportant crops as well ^ 
weather experienced by the crops during their life cycles* 
/inother 70 auxiliary agrometoorological stations recording 
meteorological observations in farm areas are raaintainod"’ 

by State and Central agricultural institutions. There is 
also a network of about 4400 rain-gauge statio;ns maintained 
by the various State Governments whose data are received 
or arranged to be received by the IMD Poona* Besides# 
there are about 36oo raingauges maintained by railways 
and other official agencies in different States, whose data 
arc at present not being published in the State Rainfall 
Tables* 

13.10.2 Meteorological data and forecasts cater to 
several categories of interests. The network density of 
meteorological observatories varies according to the 
requirements of the user interests. To meet the 
increasing demands for weather data for operational 
purposes and for research into various aspects of 
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agriculture Inclu'-U ng also animal husbandry/ horticulture/ 
forestry/ fisheries etc./ there is need for a complete and 
early review of the existing network by the respective State 
and Central departments and organisations concerned. The 
programme for future motoorolcgical network for agriculture 
including aiiimal husbandry/ forestry etc. should have 
unified development mder three broad headings viz., 

(a) micrometeorological observatories in selected, areas for 
the und.erstan'''ing of the basic physical interaction between 
the plant and Its environment; (b) meso-scale cd-imatic 
network designed to provide farmers information to intpreve 
their agricultural operations and (c) macro-scale regional 
networks designed for better weather forecasting capability. 
The rainfall organisaticn in the country will have to be 
considered along with these, hav© rccommencled elsewhere 
in our Report that there should be well-cjualified 
agricultural personnel even at taluk level. The 
observatories to be opened should be manned by cjuallfled 
agricultural staff to ensure the accuracy and reliability 
of the observatins. We have already referred to the 
need for soil moisture observations from each taluk atlcast. 
The rainfall organisation is now reviewed with suggestions 
for its inprovoment. 

Rainfall Reglstratic n in India 

13.10.3 It should be <3lGar fr.<Tn the preceding sections 
that rainfall is vital to agriculture. Rainfall 
statistics are obviously/ therefore/ extremely valuable 
to agriculture scientists# planners and administrators. 
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The IMD were rec-.ntly c: nsuit.-r’ 
reiiifall orgenlseti ■ ,n in iMc'lig, 


ajD ut the present set tp' of 
The f.'ll.-wing are the "t-jin' 


n-'in'c 


(i) Rainfall rcgistrr.ti-n in I ;iia is ^gi vorn.::'! 
by the 1S90 Rainfall Ras. luti.'n of the 
G-'vernment 'f Inrlia. In accorclancc v/ith this 
Ros-'liatii'n^ the subject of rairifall 
registration in the country was br-ught 
un-ler the technical control c£ the IMD; 
the various State Gov jrnnionts are responsible 
for the f-'llfa/ing items: (a) tlie maintenance 
an9. inspect!'n of all raingauge stati. ns 
unf.cr their c ntr-' l; (b) the rocoroing ani 
c'Tlocti ‘n cf rainfall rlata fr'm these 
stati ns; (c) the r.;gular publicati’n :'f such 
data fo'r the use .'f the ptiblic; ang (c) the ■ 
supr)ly of special printed stataraents of 
daily an-;! m'rithly rainfall in proscribe 1 
, f ■ rms . to. the for the compilation of the 
two annual publichtio'ns vi'z. the ’Daily 
Rainfall of In'‘’j..a’ and ’Monthly of A’l-iual 
Rr^infall of In'-’ia*« The Dircct':'r Gen :^ral 
of Obsorvatorios/ IMD is responsible fc.'r 
(i) the technical aovic ; t- the Statc 2 
G'vernments on all matters connected v:ith 
the rainfall registrati-'n, such 8s selection 
of sites and install at iv-n of raingaugos/ 
moth'ds of rainfall observati-'n/ inspect!:-n 
of raingauge stati'ns, etc. and (ii) the 
compilati n and issue of consolidated 
rainfall data far the .wbolo of India 
(o') rainfall ebsorvati ns are r ;C'''rded; in the 
country at the observatories oud at raingauge 
stati'ns maintained by the States or their 
agoncios. Raingauge statio ns v/h' se data are 
published in the printed Rainfall Tables arc 
classed as ’’Reporting stati'^ns”. Tlic nunCoer 
of such stati:-ns at present is over 5000. 

Tile distributi a is shewn in Ippendix 13.1 ~ 
Statement V of the number of static ns fr- m 
each State wh'-se data are received c?r 
arranged to bo received by the India 
Mote’rological Department at Poona. Tliis 
number is 4399 and -I'es not include the 
raingauges maintained by the IMD. Rainfall 
is rcc-rded daily at all the raingaxago 
stati'- ns in the co'untry at 0830 hrs I3T 
and represents the total for the preceding 
24 hours and at many departmental 
observatr-rics, twice or more. 


(ii) Tl-iera is a total notv/ork of over 8000 
raingauge stati'ns spread all over the 
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c Out of those / there arc ab- ut 

5000 stations wh ' se rec-'rds' are gcnG.rally 
available in pxiblishecT form anci/or on punch 
cards; others arc non~reporting stations 
as stated ab- ve. 

(iii) Out of the 5561 raingauges inspected/ only 

2.1 per cent functi'n. vj-ithc;ut any dcficiencyc 
Most of the raingauges suffer fr-'^m some 
instrumental defect or the other; ejqpcsure 
c- nditions of raingauges are also not in 
conformity with the standards laid dovrni by 
the IMD. 

(iv) Implementation of reports of the Insxsecting 
Officers of the IHD has been carried out 
only in lo.5 per cent cases. ■ 

(v) Publication of rainfall data is in arrears 
any\'7hcre upto 10 years or sometimes even 
more. 

13.10.4 It is clear that the arrangements envisaged in the 
Rainfall Roso.lutic’n have nr:t vr rked and are not v/orking 
satisfactixily. The qUcality of data cannot be also said 

to conform to standards because of instrumental and 
o^qpbsurc defects and lack of adequate checking. Printed 
data are lagging bohin and in the data printed/ the IMD 
has to state the fr-llowing t-'.pes of lacunae: 

(i) The total of daily rainfall values as 
computed do not tally with the monthly 
. totals printed. 

,(ii) 'Tiie heaviest daily rainfall in each month 
given in the tables is not tallying with 
the heaviest picked up from dally values 
due t'^ either shift of line in printing or 
misprint. 

(iii) Tb.e monthly totals of rainfall and rainy 
days shcavn in the en-1 of Daily Tables' do 
not tally vrith the corresponding totals 
given in the Monthly and Annual Tables. 

13.10.5 The India'Meteor'-'legical Department was also asked 
whether (in viev/ of the unsatlsfactory state cf rainfall 
instruments/ their ojqposure and statistics) it was not 
apprc'priate that the Department takes up the direct 





rcjsr''-mibilit7 of all matters pertaining to rainfrai 
orga'isati^ n. The Department has stat^il that/ theugh the 
arrar.gemant betv/Gcn it ang the St-at s e nceme.:' v;a'c.h a'cgar . 
tc' the Rainfall Registrati'n in the c.-untry has n,.t v; rkel 
GO satisfactorily/ it is n^^'t practicable to take np tno 
entire job of rainfall registration. I leaver/ in orier tr^ 
pr^virle uptodate anb accurate printed rainfall data 
G llcctcd acc'^rding f' nati nal standards cf instruments and 
ogiosurc/ a scheme entitled 'Rcvirganisati-n cf Pvainfall 
Registrati'-n in India ‘ has beondrav;n up. nee main features 
of the scheme arc: 


(i) 
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(iv) 

Publication 
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data t be done departmentally. 
vThila noting th^ acti n v/hich the India 
Hctcc'rol ogical Department is proposing to take under its 
scheme entitle-: "Reorganisati'n of Rainfall Registration 

in India"/ it is suggested that: 

(i) all the existing 8cOC raingauges in the 
c‘'untry sh 'Ul''’ b ^ brought within the 
purvio\7 of the scheme/ 

(ii) all them sh uld bel- ng t-; the catog^-iry 
of "Rep'-ricing R->ingaugos" and 

(iii) all the arrears -f rainfall data sh'-uld 
be print-ad m- st exrpc '’.itiously. 

13.10.6 he have given c'nsi'lerable th ught to aho 


f’jtaro 
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of rainfall organlsati.^n in the country. Water is a major 

natural rGS'''UrGe anO maintenance C'f proper statistics is 

essential to meet the requirements of agricultural 

departments, irrigati; n departments, etc. The present 

wore 

arrangements which/antr -'luced more th-an eight decades ago 
are in bad shape and' particularly so during the past two 
decades or m re. 'IIig e;qposure and maintenance of the 
raingauges are extremely unsatisfactory. Of the existing 
raingaugos, hardly two' per cent satisfy the standards. 

Checking of rainfall data for their accuracy is extremely 
limited. Hardly ten per cent of the re common dati''ns of 
inspectors have been implemented. The Director General of 
observatories is no d^ubt the technical adviser to States on 
rainfall registration but his manifold functi-o-ns leave him 
little time for this field duo to circumstances beyond his 
contr'-l. The xsroblems involved in organising the rainfall 
registration ^f the country v/hich already has eight thousand 
raingauges and which may increase in number rapidly in the 
future, are considerably complex. The future proxoosals of 
the Director GGneral of Observatories outlined ab’.ve can 
only meet partially the needs of the situation. We arc, 
however, concentrating here on the requirements for agriculture^ 
13.10.7 a basic policy wo roc'-mmend that agrometeorological 

observati'-nal organisati n including raingauges as required 
b‘o State Dex^artments of idgriculturo should be directly 
under their respective ccntrcl. The State Departments of 
J.griculture should meet the finances needed ftor the 

O'f the organisati'-n and malce provision in their 


maintenance 
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budgets acGorOingly. In line with this policy,, every State 
sh 'ulO reviov; their roquir-ments immoOiately an'"', draw up 
pro'gro.mmGS for speedy Implomcntatir-na 

13.10.8 There is increasing denand from many sources for 
inijirrvcd and o:xpanded nGtw;'-r3c of raingaugos. Daily an-l 
sh'-'rt peri :.’d rainfalls show large difforencos even at 
shf-rt distances. WhilG States may rGvia\-/ the positi- n in 
this regard tabing all aspects into consideration, wo 
recommen'l as a first step "that there shi-'uld be at least one 
raingauge in each Bloch. The niomber of Blochs is at 
present about 5100 v/hile the number of repc^rting State 
raingauges is ■•4400. 7b)out 700 new raingaugos woul.d have 

to be sat up early. 

13.10.9 Ra.infall recording is done by a variety of officials 
revenue, police etc. But the current data of the reporting 
raingauge stations are most needed urgently by the 
Dep'Ortmonts of Agriculture for crop weather seasonal reports , 
for use of other State and Central departments etc. We, 
therefore, recommend that the State raingauge notworh 
sh-'uld be placed und^er the charge of the Director of 
7igriculture vrho will tahe over all the functions and 
responsibilities of the State Rainfall Registration 
iduthority, TJe have recommend.ed above that every bloch area 
must have at least one raingauge. ALsOyas Blech 
Development offices will have qualified scientific 
pcrs':'nnGlT- they sh' uld be in charge of the raingauges 

in their respective areas regarding observatirnal work^ 
maintenance of equipment, supervisi n and related work. 

This v/ould involve shift of all the existing gauges to 
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tho Block Dovolopmcnt offices which should bo done in a phnsod 

manner bocousc of the problems involved, Th.se mainly are: 

i) The approvol for the now sites should bo obtained 
from the Director Gonorol of Observatories, who 
is the tochnicnl advisor on Rainfall Registration 
in the country; 

ii) Constructional works at the now site for the 

orection of raingaugos should have to bo arranged; 

iii) Unsatisfactory equipment should be replaced by 
standardised ne-.v instruments; and 

iv) Examination of the applicability of the existing 
rainfall normals for tho new sits. 

In order to speed up action on all those, coordinated and 

cooperative action with the Director Gonsral of Observatories 

is essential. It should be emphasised that rainfall record is 

a compilation of scientific measurements made according to 

national and international standards and unless taken in the 

prescribed manner usefulness of such rainfall data will be 

considerably vitiated, 

13,10,10 It has been recommended elsewhere in this report that 
the State Agricultural Departments v/ill have planning units 
to look after planning, progress and evaluation of agricultural 
programmes. This unit will also take over tlie v/ork of 
preparing the rainfall data in the form required for 
publication in State Gazettes as at present. This will enable 
the State Departments of Agriculture to use the data in 
their extension and planning work with 1.“ast delay. The 



daily rain:::r-ll data of States should bo pu]:>lished after 
proliiT.inair/ scrutiny v/itliin six months after the 
month to v/hich they relate to. '7ith the large 
volume of data corning in, the planning unit should haive 
facilities for getting the ?c?.r;ic data punched on 
cards accorfing to standard fcinaat as prescribed 
by the Agricultural Department after discussions 
v/ith India Meteorological Department, 'riiis 
arrangement vrill ensure uniforrrdty, speed!c-r 
processing, chocking for reliability of data 
and supply, 

13.10,11 As the planning \,init is to deal with 
rainfall and motoorological data v;hich vrill bo 
required by the State Agricultaral Departments/ 
we recommend that there should ba a qualified 
Agricultural Meteorologist to handle all this 
scientific material in t;iis unit. At the 
Centre/ the collection, cormsllation and analysis 
of the data should be dene in tlio Diroctcrato 
of Econom.ics and Statistics. Tlsa Directorate should 
have a person qualified and e:-p>erioncod in /agricultural 
Meteorology as wall as statistics to be in charga 
of this v7orlc so that the meteorological data could 
be properly analysed and prescribed in a form 
useful to all the concerned interests. 
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13.10*12 The Meteorological Department has all the 
necessary facilities and conpetence in the matter of 
checking whether the eguipmcnt and data conform to 
standards etc. They should continue to exercise this 
responsibility so that all rainfall data recorded in the 
country will have uniformity in standards. The above 
proposals v/ould involve considerably increased v/ork to 
the India Meteorological Department and they should be 
provided the necessary additional staff so that the 
existing State rainfall organisation may be placed on film 
scientific basis. 



11 SLWIARY OP RECOMf-IENDATIONS 


13.11,1 Tha main recommendations are summarised below: 

Climate 

1. Present rainfall normals (I90l~>50) which are more 
than tv70 decades old should be revised and published early. 
Normals of stations confuted with records for shorter 
periods should be reduced to the same period as those 
with complete records* 

(Paragraph 13.2.4) 

2. Tl-ie method of working of district normals 
should be reviewed. Percentage departures from normal of 
rainfall for the various meteorological subdivisions 
should be worked out for all the years from the beginning 
on a uniform basis and using the latest normals. 

(Paragraph 13.2.4) 

3. Frequency distributions of daily rainfall should 
be prepared for all taluk stations and published. 

(Paragraph 13,2.7) 

4. Weekly totals of rainfall of all stations v;ith 
data of at least 20 years should be piiblished. 

(Paragraph 13.2.8) 

5. A good network of snowfall recording stations 
should be extended. Studies on the contribution of snow 
to river flow should be undertaken, 

(Paragraph 13.2,lo) 

Glaciology 

6. IMD, Geological Survey and other concerned 

departments should draw up coordinated programmes of 
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« 

work in this field with a viow to ui:iderstanding their role 
in Indian T^eather. 

(Paragraph 13.2 »11) 

Rainfall Variability 

7. v'JhonevGr normals or rainfall of a station or area 
arc computed/ they should always be accompanied by their 
respective standard deviations and values of Coefficient 
of Variation, 

(Paragraph 13.2.13) 

8. ‘Breaks' in rainfall should be analysed for taluk 
areas and published for general use. 

(Paragraph 13.2.19) 

TeiTiperaturos 

9. Freguencies of dally ma:d.mum and minimum 
temperatures/ heat and cold wave spells and duration in 
hours of temperatures in different ranges should be 
prepared and published. 

(Paragraph 13.2.20) 

10. Reference publications (i) climatological Tables 
of observatories in India (1931-60) and (ii) Climatological 
Atlas of India (Abridged) should be reprinted early as 
copies of these are not readily available. 

(Paragraph 13.2.21) 

Wind 

11. Averages of hourly vrind data and frecjnencies of 
speeds in different intervals and durations should be 
published for all the statior^-- for which data are available. 

(Paragraph 13,2.24) 



12. Complete series of rainfall of all the stations 
in the country with records of 70 years or moro/ percents 
departures from normal of all the meteorological 
subdivisions should bo published to facilitate detailed 
studies of trends and periodicity in Indian rainfall 

(Paragraph 13 =-2.26) 

Climatic change 

13. The problems concerning climatic change and 
prediction should be taken up as a research project by 
the Indian Institute of Tropical Meteorology/ Poona in 
cooperation v/ith India Meteorological Department and 
ICAR etc. 

(Paragraph 13.2.28) 

Agrometeorology 

14. ICAR should examine the feasibility of 
inclusion in their future programmes of research 
biochemical studios for a fuller linderstanding of 
crop weather relationships. 

(Paragraph 13.3.2) 

15. There is urgent need to go in for phytotrons 
at all the agricultural universities to have clearer 
ideas on crop weather relationships under controlled 
conditions. 

(Paragraph 13.3.4) 

16. Each one of the rainfall zones into which 
the country has been divided (v ide Chapter 14) should 
have at least one fully equipped agromet observatory. 

(Paragraph 13.3.5) 
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17. Every taluk should have- at loa^t one soil moisture 
measuring station. The total for the country would be about 
3000 and this network sho-ild be built up by the State 
Agricultural Departments during the next few decades. 

They should also arrange for the publication of these data. 

(Paragraph 13.3.6) 

18. Studies of evapotranspiration under varying 
conditions of soil moisture in different soils and using 
as many plant species as possible are urgent and this work 
should be started at all the agricultural universities/ 
the centr-al institutes of ICAR and the Forest Research 
Institute/ Dehra Dun. Based on the results of these 
studies/ a suitable network of stations/ one at least in 
each district/ for actual observational measurements should 
be started. 

(Paragraph 13.3»8) 

19. The network of stations recording phonological 
observations should be expanded so that there is at least 
one station in each taluk. The selection has to be of 
nature-grov/n plants as far as possible, 

(Paragraph 13.3,9) 

20. ICAR should organise a joint meeting of plant 
pathologists/ entomologists and agricultural meteorologists 
for organising a unified approach to the study of 
problems of posts and diseases. Tliese will not only 
include the relationship under field conditiOps betv/ecn 
weather and pests and diseases but also steps for 
starting a surveillance service based on meteorological 



factors which should bo helpful in forecasting and 
controlling th 2 epidemics. 


T 1 ■' 


(Paragraph 13,3.10) 

21. Meteorological observatories in adequate 
nurrljers should be set up in orchards / plantations and 
forests. 

(Paragraph 13,3.12) 

22. India Meteorological Department in consultation 
v;ith Forest Research Institute/ Dehra Dun and State 
Forest Departments should draw up a long term research 
programme in forest meteorology. 

(Paragraph 13.3.13) 

23* All institutions and organisations dealing 

1 

v;ith animal research and dairy/ pigg'ery and poultry 
should arrange for meteorological obseiprations needed 
for their work and conduct micro-climatic studies 
within paddocks and barns. 

(Paragraph 13.3.15) 

2 4, Research studies should be undertaken v/ith 
a view to forecasting animal diseases. 

(Paragraph 13.3.16) 

Droughts 

25. Conprehensivo and systematic studies of all 
past droughts by dynamic and synoptic climatological 
methods should be undertaken a s a j oint proj ect by 
the India Meteorological Department and the Indian 
Institute of Tropical Meteorology/ Poona/ for developing 
techniques for forecasting them. 


(Paragraph 13.4.8) 
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Crop Weather Calendars 

26 . Existing crop weather calendars should be brought 
up-to-date* Separate calendars should be prepared for early'/ 
normal and late sowing varieties of each crop in different 
areas of the country. They should also be prepared for 
crops like soyabean/ coi«/-pca/ safflov;er/ sunflower etc. 

Vleather Bulletins (Paragraph 13.5.3) 

27. Weather bulletins for farmers should include 
advice on agricultural operations and should be prepared 
daily after joint discussions between forecasting officer 
and agricultural officer deputed by local agricultural 
department to make them purposeful. In the-light of 
Karnataka and Tamil Nadu-, experisnee this arrangement 

of joint daily discussions in preparation of operational 
weather bulletins should be compulsorily extended to all 
States. The trial SITE programme of weather broadcasts 
for farmers issued after joint discussions of 
representatives from ICAR, Agricultural Meteorologist and 
the weather forecaster should become a regular feature* 

(Paragraph 13.5,4) 

28. IMD should evaluate each year the performance 

of v/eather bulletins for farmers and discuss at conferences 
of agriculturists at State level. ICAR s^hould consider 
convening of such periodical conferences for evaluating 
weather service to farmers and for their improvement. 

(Paragraph 13,5.5.) 
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29. Every State should issue a weekly crop weather 
bulletin containing description of week's v/eather and 
crops in the State and outlook for a v/eok ahead. The 
re:sponsibllity for the compilation and issue should be 
that of the Directorate of Economics and Statistics 
v;ith cooperation from the local Meteorologist^ the 
Director of Agriculture of the State and a representative 
from local agricultural university. 

(Paragraph 13,5.7) 

Extended Range Forecasting 

30. Research into various aspects of 'Extended 
Range Forecasting' should bo given priority and v/cick 
distributed among the IMD/ Indian Institute of Tropical 
Meteorology, Poona and other Interested institutions. 

An advisory vrorking group may be set up with the 
Director General of Observatories as Chairman and 
membership from IMD, ICAR and State Agricultural 
Departments to periodically assess and reviev/ the 
speedy implementation of programmes of work. 

(Paragraph 13.6.7) 

Crop Weather Relationships 

31 (i) .Crop v/eather studies in progress in the 

■ I . 

IMD should be intensified and-formulae developed on 
a districtwise basis. 

(ii) Detailed-data on acreage, yield etc. according 
to Varieties, irrigation^cultural practices etc. are 
essential for crop weather studies and those should 
be compiled in standard format by Directorate of 
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Sconomics and Statistics. Formulae for forecasts of crop 
agreago should be developed using climatological factors. 

(Paragraohs 13.7.9 and 
13.7.10) 

Weather Modification 

32. The research and operational aspects of the 
present organisation for weather modification in the Indda 
Meteorological Department and Indian Institute of Tropical 
Meteorology should be strengthened to conduct further 
trials and experiments to arrive at dependable conclusions. 

(Paragraph 13.8.8), 

Research Education and Training 

33. VJork in the field of Mathematical Simulation 
Modelling should be reviewed and attempts made with data 
available in India. IMD in consultation with ICAR should 
work out a joint programme of study using this approach. 

(Paragraph 13.9.2) 

34. Production functions for crop yields should be 
v/orked out using techniques of analysis develcpcd in the 
Indian Statistical Institute and in the paper on 
irrigation evaluation under monsoon rainfall conditions. 

(Paragraphs 13.9.3 and 
13.9.4) 

35. The present position regarding agtdiclimatological 
atlas should be revie'wed and as soon as feasible/ a 
detailed and comprehensive atlas should be prepared, 

(Paragraph 13.9.5) 

36. Inservice training of staff for manning 
various typos of Agromet observatories should be arranged 



by the State agricultural organisations in cooperation 
with IMD. 

(Paragraph 13.9.7) 

37. Agricultural Meteorologists should be deputed 
to meetings of the Commission of Agricultxiral 
Meteorology of World Meteorological Organisation. 

(Paragraph 13.9.8) 

Observational Organisation 

38. As a policy/ the observational organisation 
needed by State Departments of Agriculture etc. should 
be controlled and maintained by them. They should 
provide all the finances needed for the purpose. 

Every State should immediatGly review their observational 
requirements and the organisation needed by them for 
necessary action. 

(Paragraph 13.10.7) 

39. Every Block should have at least one raingauge 
and they should bo' located in Block Development Offic©. 

(Paragraph 13.10.8) 

40. Rainfall Organisation in the States which 
is primarily needed by the State Agricultural 
Departments should bo placed under their direct control; 
they v/ill examine the present locations etc. of raingauges 
and take action to shift them to block offices in 
consultation With and cooperation of the Director General 
of Observatories v;ho will continue to be technical 
adviser on all matters concerning meteorological 

ob s o 2 rvat i on s . 


(Paragraph 13.10.9) 
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41. Departments of Agriculture will have a planning 
unit for dealing with planning, progress and evaluation of 
agricultural programmes. Each unit must have a qualified 
Agricultural Meteorologist v 7 ho should look after all matters 
pertaining to meteorology including the rainfall organisation. 
He will arrange for the collection/ scrutiny, checking, 
processing and publication of the data and for supply 

of data to all concerned. At the centre, these items 
of work should bo handled by the Directorate of Economics 
& Statistics:. .iff thocQ form basio data for analysis 
they should also be punched in prescribed formats in 
consultation v^ith India Meteorological Department. 

(ParagraplB 13.10.10 and 
13.10.11) 

42. The proposals regarding reorganisation of State 
rainfall organisation will involve considerably increased 
work to the India Meteorological Department and they 
should be provided v/ith additional staff for the purpose« 

(Paragraph 13.10.12) 



APPENDIX 13*1 


(.Paragraph 13*^^ ]J 

Stat«ji»ftnt I Average latitudinal position of OepressionSQ 
^Rrossing Different longitudes from 92 to 75 E 
during July and August based on data 80 yuaxa 
from 189L-to- 19'A>^ 


ongitude 

Q number 

E which crossed 

average 
latltudinal 

sta nda 


different 

position 

deviat 

92 

longitude 

li.31 

2.06 

91 

13 

20.50 

1.75 

90 

51 

20.70 

1.45 

89 

112 

20.90 

1.36 

88 

180 

£1.09 

1.27 

87 

225 

21.25 

1.34 

86 

218 

21,59 

1,38 


*QR 

21 -94 

1,46 

84 

196 

22.29 

1.48 

83 

185 

22.66 

1.31 

82 

169 

23.03 

1.30 

81 

153 

23.36 

1.30 

80 

129 

23.61 

1.33 

79 

109 

23,89 

1.39 

78 

87 

24.19 

1.51 

77 

66 

24.36 

1.42 

76 

59 

24.68 

1.46 

75 

49 

24,77 

1.44 


Sourcei- From an unpublished report 

hy SttST^narayana^ r , \ 

Indian Institute of Tropical .Meteorology' 
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APPENDIX 13.1 (contd) 

(Paragraph 13.2.4) 

Statemsrit V Number of Raingauges — Statewise — having 
published Normals and Number of Reporting 
Raingauges for which Rainfall Data are received 
or arranged to be received by IMD at Poona 


Sfta t«/t»niort t-arritory 


__ no. of raingauges 

having published 


1. 

Assam 

86 

114 

2. 

Arunachal Pradesh 

3 

40 

3. 

Andhra Pradesh 

226 

551 

4. 

Bihar 

230 

449 

5. 

Gujarat 

110 

239 

6. 

Harya na(inc1uding 

Delhi) 

48 

76 

7. 

Himachal Pradesh 

17 

73 

8. 

Jammu and Kashmir 

36 

76 

9. 

Karnataka 

160 

391 

10. 

Kerala 

78 

122 

11. 

Madhya Pradesh 

254 

332 

12. 

Maharashtra 

225 

285 

13. 

Ma nipur 

4 

16 

14, 

Meghalaya 

7 

10 

15. 

Mizoram 

8 

7 

16. 

Nagal and 

6 

- 

17. 

Orissa 

110 

258 

18. 

Punj ab 

45 

105 

19. 

Rajasthan 

194 

416 

20. 

Tamil Nadu 

229 

342 

21. 

Tripura 

9 

14 

22. 

Uttar Pradesh 

274 

331 

23. 

West Bengal 

129 

142 


total 


2488 


4399 


Source*- Observational Organisation as on January 1, 1975 
India .vleteorol ogical Department, New Delhi. 

* Published in Memoirs of the India Meteorological 
Department Vol XXXI, Part III, 1962. 

Reporting station means rainfall data of which are 
received or arranged to be received at Poona, 
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APPeCflX 13.1 (contd) 

(Paragraph 13.2 ) 

StatemBot VI : Intercorrelation Coefficients ( X 10 ) 

) 



Apr 

May 

3un 

3ul 

Aug 

Sep 

Monsoon 

Season 

Annual 



EAST UTTAR PRADESH 




April 

100 

06 

23 

06 

-21 

-16 

-05 

-19 

May 


mo 

12 

06 

-17 

-14 

-07 

-14 

June 



100 

06 

12 

-11 

38 

26 

July 




100 

-10 

DO 

60 

53 

August 





100 

15 

45 

48 

September 






100 

53 

33 

Monsoon Season 







100 

76 

Annual 








100 




MADHYA MAHARASHTRA 



April 

100 

-26 

-07 

03 

25 

02 

08 

-03 

■Kay 


mo 

-01 

r2^ 

-13 

17 

-27 

01 

Oune 



100 

-14 

-08 

-06 

34 

27 

July 




100 

07 

01 

54 

1G 

Hugust 





100 

15 

56 

02 

September 






100 

57 

06 

Monsoon Season 







100 

25 

Annual 








100 




TAMIL LADU 





April 

100 

-04 

17 

-08 

03 

-07 

01 

15 

May 


ion 

10 

-14 

-13 

08. 

01 

37 

June 



100 

03 

-01 

29 

37 

34 

July 




100 

29 

05 

61 

-17 

August 





100 

-19 

46 

08 

Saptemb°r 






100 

58 

24 

Monsoon Season 







mo 

17 

Annual 








100 


125 


* sr**t OOlVMi J 



2 North A3sam1*00 ,51 *35 “*44 "*•37 “»22 ,07 -,06 -•15 -*22 -,25 -*27 -,20,-,20 -,20 

3 South Assam 1.90 .05 -.20 -,31 -*•25 .08 -.14 -,15 ~.29 -.16 -.30 -.29 -.21 -.23 

4 1-00 -.08 -.15 .08 .54 .10 .04 -.16 -.20 -.14 -.03 -.12 -.09 

^ Gangetic Wast Bengal 1.00 .27 .61 ,32 —.07 .03 ,22 ,16 .13 —.12 .15 *10 

6 Orissa 1.00 —.28 —.01 .04 .18 .31 *29 .33 .47 .29 .11 


7 Bihar 

1.00 .44 .20 ,25 

.22 .10 .10 

-.10 

.04 

.05 

Plateau 






8 Bihar Plains 

1.00 .44 .21 

1 

• 

1 

» 

t 

k 

-.07 

-.29 

-.13 

9 East Uttar Pradesh 

1.00 .59 

.20 .06 .31 

.12 

-.02 

.28'*' 

10 West Uttar Pradesh 

1.00 

.54 .40 .57 

.13 

.23 

4.3 

11 Haryana 


1.00 .72 .61 

.15 

.62 

J^8 

12 Pvmjab 


1.00 .63 

.29 

*68 

.45 

13 Himachal Pradesh 


1.00 

.19 

.45 

.50 

14 Jammu and Kashmir 



1.00 

.06 

—.06 

15 West Rajasthan 




1,00 

.53 

16 East Rajasthan 





1,00 


17 West Madhya 
Prado sli 

18 Hast"Madhya Pradash 

19 Qujarat(Region) 

20 Saurashtra 
and Kutch 

21 Konkan 

22 Madhya Maharashtra 

23 ^brathvada 

24 Vidarhha 

25 CJoastal Andhra Pradesh 

26 Tolangana 

27 Rayalaseona 

28 Tamil ITadu 

29 Coastal Karnataka 

30 Interior Karnataka North 

31 Interior Karnataka South 

32 Kerala 
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.02 

-.23 

—.22 

-.06 

.02 

.16 
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.15 

-.09 

-.30 

-.05 

-.22 

-.22 

2 

-.10 

-.28 

-.17 

.03 

-.33 

-.21 

-.03 

.02 

.05 

.01 

.13 

-.02 

-.36 

-.15 

-.30 

-.28 

3 

-.27 

-.18 

-.05 
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-.20 

-.14 

-.02 

.14 

.17 

-.11 

.28 

.10 

-.23 

-.06 

.00 

-.03 

4 . 

-.11 

.16 

.21 

-.04 

.10 

.06 

—. 01 

.13 

-.26 

—.16 

-.17 

-.01 

-.05 

-.06 

-.12 

-.03 

5 

.3^ 

.24 

• 22 

cr \ 

0 

. 

1 

.22 

.24 

.05 

-.03 

-.01 

.18 

-.12 

.18 

.20 

-.05 

—.12 

-.15 

6 

• C9 

.21 

.04 

-.12 

-.05 

-.13 

-.21 

.05 

—•44 

-.37 

-.27 

-.15 

-.04 

-.35 

-.08 

.10 

7 

.-.17 

-.12 

-.17 
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-.25 

—.20 

.04 
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-.12 

.23 

.19 

-.33 

-.25 

-.05 

-.07 

8 

.33 

.17 

-.20 
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.14 

.11 

.21 
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.29 

.37 

.28 

.27 

.04 

—.14 

.07 
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-.01 

.27 
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.28 

.29 
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-.09 

.30 

.21 

10 

.38 
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,00 
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•% 

.15 
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.25 

.73 

.53 

.05 
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-.05 

.42 

.51 

.19 

.27 
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.31 
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*44 
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.06 
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.43 

.04 

.35 

.43 

.17 
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.11 

13 
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-.03 
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.00 
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.11 
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.40 

.30 

.30 

.07 

15 

.44 
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.16 

.55 

.49 

.54 

.02 

.32 

.38 

.29 

.35 

.31 

.26 

.32 

.13 

16 

1.00 

.32 

.09 

.10 

.35 

.24 

.23 

.13 

.14 

.34 

.11 


.20 

.01 

.08 

-.11 

17 


1.00 

.54 

.08 

.54 

.42 

.47 

.04 

.32 

.41 

.23 

.34 

.49 

.25 

.40 

.26 

18 



1.00 

.28 

.56 

.57 

.19 

.27 

.32 

.28 

.29 

.20 

.29 

.25 

.23 

.00 

19 




1.00 

.27 

.36 

.27 

.12' 

.37 

.30 

.45 

.23 

.06 

.28 

.11 

-.12 

20 





1.00 

.77 

.60 

.17 

.38 

.56 

.29 

.20 

.58 

.52 

.29 

.14 

21 






1.00 

.62 

.06 

.47 

.55 

.42 

.37 

.50 

•66 

.41 

.13 

22 







1.00 
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APPEMilIX 13.1 (contci) 


(Pax.Tjraph io.2.1S} 

Statement IX ^atial Distribution of Rainfall during Breakd (ejcprosoed as percentage> 


Meteorological 


Category of Distribution 


Sub-Division 

Wide*" 

^read 

Jb. ir ly 
Wide - 
spread 

Sea - 
ttered 

Iso¬ 

lated 


North Assam 

55 

28 

: 13 

4 

«» 

South Assam 

62 

24 

12 

2 

•• 

Siib-ffimalayan West Bengal 

87 

9 

3 

1 


Gaagetic West Bengal 

13 

17 ■ 

22 

42. 

6 

Orissa 

1 

19 

31 

43 

6 

Bihar Plateau 

17 

11 

36 

24 

12 

Bihar Plains 

27 

19 

25 

18 

11 

Bast IJbtar Pradesh 

9 

17 

24 

30 

20 

West Uttar Pradesh: Hill 

17 

28 

35 


20 

Plain 

10 

10 

19 

38 

23 

Punjab 

4 

7 

17 

27 

45 

Himachal Pradesh 

29 

18 

15 

19 

19 

Jansnu and Kashmir 


5 

11 

22 

62 

West Rajasthan 

- 

- 

8 

7 

85 

Bast Rajasthai. 

.1 

1 

12 

26 

60 

West Madliya Pradesh 

1 

5 

21 

50 

23 

East Madhya Pitideah 

6 

15 

39 

26 

14 

Vidarl^ 

4 

6 

10 

42 

38 

Qujeo^at Region 

- 

2 

34 

16 

48 

Saurathtra and Kutoh 

- 

- 

8 

35 

57 

Konkan 

41 

17 

27 

7 

8 

Madl^ Maharashtra 

4 

6 

28 

56 

6 ! 

Maiathwada 

6 


30 


64 

Coastal Andlira Pradesh 

- 

9 

30 

42 

19 

Telangam 

2 

10 

25 

21 

42 

Rayalaseema 

4 

13 

16 

25 

42 

Tamil Nadu 

4 

7 

45 

36 

8 

Coastal Karnataka 

54 

12 

16 

- 

18 

North interior Karnataka 

5 

4 

28 

37 

26 

South Interior Karnataka 

6 

19 

31 

21 

23 

Kerala 

25 

16 

21 

15 

23 
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Appendix 1^.1 - Stat-^Tirmt X Xeontd.v) 
AJinexuro (contd,) 

DESCRIPTION OF TJ-E CODE 


a) b) and c) Tillage operations, Sov'inn and planting 
and interculturiiv! and weeding: S-Started P-In progress 
C-Complete 

d) Crop growth: V-Vigorous N-Normal Sn-Subnorma 1 
Dr-Droughty V/i-V/ilting 

ii) Stage of growth: Gr-Germination, Ggr-Grand Growth, 
Hd-Heading, Gd-Grain development, iVt-Nteturity, T-Tillering. 

iii) Harvest and iv) Threshing: S-Started, P-In progress, 
C-Cornplete. 

(e) (i), (ii) and (iii) Extent of damage by pests, 
Extent of damage by diseases and extent of weed growth; 
Mi-f-’dld, Mo-Moderate, Sv-Severe, Eo-Epideniic, 

(f) Soil Moisture Condition: /*-Optimum, B-jModerate, 
C-Fair, D-Poor, 

(g) Estimate of Crop Yield; Aav-Above arerage, 

Av-Average, Bav-Bolow average, P-Poor, 

(h) iV'terketinq of produce; R-Ready for marketing, 
S-Started, P-In progress, C-Complete, 


Instructions; - Furnish the information in respect of 4 . 

or 5 major crops grown in the region. Name of the crop 
should be furnished above the serial number for 'Crops’ 
in the proforma. 

'Mhile filling the proforma put a tick mark to whichever 
it is applicable. Fill in some items v;hen applicable. 

Take every possible care to provide very reliable 
information. 

The officer furnishing the information should write his 
name and designation and sign at the space provided for 
this purpose. 

Post the envelope directly to avoid delay. Post the 
envelope one day in advance if there is a postal holiday 
either on Wednesday or Thursday or Friday, 
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APt'fi'iilX 13.1 (contd) 

(Parav’.';.: 

Statement XIII 

Accounted for by 

Parcontaga Varii»tl«>n in'YtaXx^ 

Tech nolo V/ 

S.No. sub-division 

total percent¬ 
age accounted 
by regression 

perce nt :.ge 
va r i t i 0 n 
accounted 
by tec’', no logy 

1. Sub-Himalayan West Bengal 

68.4 

8.4 

2. Gangatic West Bengal 

68.8 

16.4 

3. Bihar Plateau 

67.3 

8.3 

4. Bihar Plains 

70.4 

11.4 

3. Konkan 

57,7 no trend noticed 

6. Madhya Maharashtra 

81.2 f'o trend noticed 

7, Vidarbha 

84.3 

14.5 

8. Coastal Andhra Pradesh 

83,0 

45,7 

9. Telangana 

73.0 

17.0 

lO.Tami] Nadii 

77.8 

20.8 

11,Coastal Karnataka 

80.1 

9.5 

12. Interior 'Karnataka North 

85.4 

20.4 

13.Interior Karnataka eouth 

93.6 

34.3 

14.Kora 1 a 

93.0 

31.5 

15.Orissa 

89.0 

16.0 

16.Uttar Pradesh East 

85.4 

4.2 

17.Uttar Pradesh West 

79.8 

5.9 

18.Harya na 

CM 

. 

CN 

20.4 

1 , Pun j a b 
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88.0 

19.2 



APPENDIX 13.1 (contd) 


(Paragraph 13,3.7) 


Statement XIV VfilO STLISvIENT ON WEi’J^rER MODIFICATIOM 

At its twenty-sixth oessicai ( Geneva, Jvma 1974 ) theSxecutivo 
Committee approved a revised version of the VK'iO stateraent on weather 
modification made by the Sixth Congress (I97l). The text of this re-'/ised 
statonent is given below. 

Present state of knowledge and possible practical benefits in 

some fields of weather modification 

General 

It has been demonstrated that ice crystals may bo caused to 
form in supercooled clovids seeding then with dry ice, silver iodide 
and other nuclaants. Ice crj''stals are known to play an important role 
in the process of formation of precipitation; cloud seeding therefore 
provides a means of modifying the precipitation process in some types of 
supercooled clouds. The seeding of a supercooled cloud converts it to 
ice, re-'Loasing latent heat which can have important dynamical effects. 

The varied and controversial results of seeding experiments appe.ar to be 
due to the fcomplexitics of the dynamics and microphysics of the 
priiicipitation process. An encouraging beginning in the understanding of 
tluese processes has been made thro\:i^ the development of numerical 
models which incorporate both the dynaaiAcs and microphysics and their 
interactions. Siich models and their successors may be expected to define 
i;.orc cleajriy the most favourable seeding situations .and tiie observations 
ncodod for the evaluation of tho resvCLts, Although scane experiments 
lia’To apparontl^;.* j^xelded positive rcsvilts, tlie possible practical benefits 
of ws.j.tl'.er modification can be realised only throu^ an increased 
re.;c-rc:. effort, 'fliis research sixOuld be directed primarily at cloud 
dy.L£rcuic£ raid mssoscale dynataics and tho interactions of dynamics with 
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microphjrsics, since laiovl3dge of the lauter is relatively more 
couple to. There is a groat need for si^nultaneous measurements of 
dynamical and microphysical parameters* 

Some experiments have been made to test the possibility 
of seeding vrarm clouds vdth hygroscopic particles or water droplets 
in order to increase precipitation , The results obtained frcci 
tile30 experiments have not been conclusive or sufficiently postivc. 

It appears that the most sophisticated statistical procedures 
are an inadequate substitute for more complete loiowledgo of the 
atmospheric mechanisms* However, statistical design and evaluaticn 
of experiments are both necessary to increase our understaAding of 
physical aspects in the further development of weather modification, 
particularly in connexion with the valuation of the practical rosults 
of exporiments* 

It is important to emphasize that T^eather modification is 
still largely at tho research stage* For this reason, operations 
s hould be undertaken only after the most careful study by experts 
of th;; particular situation, and on the understanding that tho desired 
ena roG'-ilts my not always be achieved. 

Brief summrics of the current status of weather modification 
in several categories are given below. 

Stimulation of precipitation 

Of the many exporiments conducted in this field, only a few 
havo clearly demonstrated that seeding has increased the precipitation; 
in soris cases, tiicre is evidence of a decrease. However, these 
apparoiit contradictory results soesm to emerge from the fact that, 
in diffcrerit geographical locations, clouds have different cloud-droplet 
spoctra and different ico cr;rEtj'.l properties and concentrations* 
is soioo e\“ido::cj tint vdeitsr-time orographic precipitation 
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can be sone\^t increased over nountain Sojnilar res'J.tr: 

have also been obtained in subtropical, continental cunvilus clouds 
in vintor* 

Eiere is sane ovidonce that certain subtropical convective 
clouds beocne taller and larger, vdth a tedency to merge, vjhen th^ are 
he^rilTir seeded to release latent heat. 

In view of the high correlation between the size of 
convectLvo clouds and the rainfall fron them, the seeded clouds 
presumably give more rainfall than if they had not boon seeded. 
Confiimaticai is requisod fron further suitably designed experiments. 

Dissipation of fog 

St^jercooled fog and stratus can be dissipated by growth and 
sedimontatian of ice crystals, induced by seeding the fog vdth iee 
nuclcants or by neans of cooling agents. This has been brought into 
operational use at several airports at which there is a relatively 
high incidence of supercooled J^-g. Iho more common varm fog may be 
dissipated by the use of heat, hygroscopic particlos and the down-wadi 

t 

of helicopters. Successful.experiments have been reported with each 
of tl'iocs techniques, but on.l^'’ the use of boat scans operationally 
viable at present, 

Ilai]. S urpro ssion 

Maaiy countries iiave focusod considerable attention on hail 
cuoproHsion projects in the last decade or so. In spite of the 
coLiploxlty of tho hail-forming processes and tlic extremely large 
variability in bail occurrsneo which make hail suppression experiments 
very difficaLb to assess, there jq>pcar to be promising prospects of 
success in the near future, 

IiTToressivo reports of successful reduction in hail damage 
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to csrops, with resulting economic benefit, have provided ir-.petua bo 
many c'xperiments and large mainly operational projects. As yet, there 
are no universally rec-ogniacd methods and the results to date are not 
unambiguous«. The seeding methods produce different effects on 
different storms, and it is essential that detailed understanding of 
the structure and the processes of various types of storms be obtained 
so that seeding procedviras specially tailored to the specific 
atmospheric conditions can be dotennined. The development of numerical 
models is of great importance for the future understanding of the 
processes vithin cumulonimbus clouds. These models should incorporate 
proper dynamics end thermodynamics vdth details of the microphysics 
and water phase transition processes and their interaction. This 
approach should be tested against detailed direct measurements bf 
cloud properties. 

More basic research is reqviired to resolve questions on variovis 
hailstorm theories, models and suppression techniques. Development of 
raore reliable evaluation methods based on both physical and economic 
indicators is also needed, 

Hurricanco Modification 

Tno seeding of hurricanes has been foUowd by reduced maximum 
wind ■'.’olocities,, ConfiiTiiation is required from further experiments 
Wiiich sliould include an increased number of measurements in pertinent 
regions of the storm. This is because assessment will largely depend 
upon physical methods rather than statistical ones, Tliore is also 
need for improved numerical hurricance models to provide guidance for 
future experiments. 
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CHiher aspects 

Exploratory investigations are being conducted into tlia 
suppression of foi^st and bush fires , the inducement of doun- 
drau^ts in developing convective clouds and the prevention of 
li^tningr Attempts are also being made to seed cold 
ice-supersaturated layers of the atnospbero in order to produce 
clouads, with ‘tiie object of preventing the fonnation of radiation 
fog. 
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AE^NDIX 13*2 

List o-f Maps 


Map 

timber 

Reference 

paragraph 


I 

13.2.3 

Normal Rainfall, July 

II 

13.2.3 

Normal Rainfall, June - September 

III 

13.2,3 

Normal Rainfall, Annual 

IV 

13.213 

Coefficient of Variation of Rainfall, July 

V 

13.2JL3 

Coefficient of Variation of Rainfall, 

June - September 

VI 

13.2.13 

Coefficient of Variation of Rainfall, Annual 

via 

13.2.3 

Jund - September Rainfall as Percentage of 
Annual 

VII 

13.2.5 

Dates of Onset and Withdrawal of Southwest 
Monsoon 

VIII 

13.2,17 

Mean Departure (%) of Rainfall during breaks 

IX 

13.2.17 

Percentage Difference between average number 
of rainy days diiring break periods and during 
July - August 

X 

13.2.22 

Duration of Sunshine (Hours) 

XI 

13.2 .22 

Percentage Frequencies of number of days of 
bright sunshine greater than ( '• ) 9 hours 

XIa 

13.2.23 

Dally Global Solar Radiation 

Xlb 

13,2.23 

Daily Diffuse Solar Radiation 
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Based upon Survey of India Map with the permisson of the Surveyor General of India 
The territorial Waters of India extend into the aea to a distance of twelve nautical miles 


measured from the appropriate base line 

The boundary of Meghalaya shown on this map is as interpreted from the North-Eastern Areas (Reorganisation) 

Act, 1971, but has yet to be verified 

© Government of India Copyright 1976 




















Based upon Survey of India Map with thepermisson of the Surveyor Generel of India 
The terrhorial Waters of India extend into the sea to a distance of twelve nautical miles 
measured from the appropriate base line 

The boundary of Meghalaya shown on this map is as interpreted from the North-Eastern Areas (Reorganisation) 

Act, 1971, but has yet to be verified 

© Government of India Copyright 1976 























APPENDIX 13.2 


MAP HI 


(Paragraph 13-2-3) 



Sa$8d upon Survoy of India Map with the perralaaon of the Surveyor General of India 
The territorial Waters of India extend into the eea to e distance of twelve nautical miles 


measured from the appropriate base line 

The boundary of Mephalaya shown on this map is as interpreted from the North-Eastern Areas (Reorganisation) 

Ac.,i97l.bu.h..,...ob.v..m«. ^ Govornment or India copyright 1976 






















APPENDIX 13.2 


MAP IV (July) 


( Paragraph 13*2-13) 



Based upon Survey of India Map with the permisson of tbs Surveyor Gensrel of India 
The territorial Waters ot India extend into the tea to a distartce of twelve nautical miles 
measured from the appropriate base line 

The boundary of Meghalaya shown on this map is as interpreted from the North-Eastern Areas (Reorganisation) 

Act, 1971. but has yet to be varitied 

© Government of India Copyright 1976 


















appendix 13.2 MAP V ( June-September) (Paragraph 13-2*13) 



Based upon Survey of India Map with the pern isson of the Surveyor General of India 
The terrftcrial Waters of India extend into the tea to a distance of twelve nautical miiaa 
measured from the appropriate base line 

The boundary of Mephalaya shown on this map is as interpreted from the North Eastern Areas (Reorganisation) 

Act, 1971, but has yet to be varified 

© Government of India Copyright 1976 
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MAP VI (Annual) 


(Paragraph 13-2-13) 



BBsed upon Survey of India Map with the perrr.iason of the Surveyor General of India 
The territorial Waters of Indie extend into the tea to a distance of twelve nautical miles 
measured from the appropriate base line 

The boundary of Mechalaya shown on this map is as interpreted from the North-Eastern Areas (Reorganisation) 

A«. 1971. but b« »«to bu vsniied ^ Government ot Indie Copyright 1976 





























, , APPENDIX 13.2 map Via { June-Soptember ) ( Paragraph 13-2-3) 



Ba&ed upon Purvey of India Map with the pern.isson of the Surveyor General of India 


The territorial Watois of India extend into the aea to a distance of twelve nautical miles 


measured from the aoproprlats base line 


The boundary of Methalaya shown on this map is as inurpreled from the North-Eestetn Areas (Reorganisation) 

Act, 1971, but has yet to be varified 

<© 6ovarnm«nt of India Copyright 1976 
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R?.IITE?i.LL and cropping 
PATTERNS 



14 


R.iINF.yLL jUJD cropping PhTTHRITS 
1 INTRODUCTION 

14.1.1 The popialation of the country which v;as 548 .•nillicns 
in 1971 is estl;nated to reach about 935 aillion .nark in 2000 .4D, 
which sitrely necessitates increased agricultural production. 

Land resoiirces being limited, e;'aphasis has to be placed on 

increasing productivity per unit area. Tenperature and other 
climatic conditions being favourable throughout the year over 
most p.arts of the country, it is possible to grow more than one 
crop in a year provided water is available. In some parts of 
the Gomtry the spread of rainy season is long enough to 
provide ample scope for double cropping. This potential is 
yet to be fully exploited. There is undoubtedly scope for 
Increasing irrigation resources in the country, but our 
estinates show that the area under irrigation is not e.xpected 
to be more than 42 per cent of the total cropped area in 
2000 AD, although it would mean considerable improvement over 
the percentage of 22 in 1970-71. Therefore, judicious 
utilisation of direct rainfall and irrigation water, singly 
and in combination, will have to be thought of for increasing 
production, 

14.1.2 Farming technology has so advanced that it is possible 
to increase crop yields even under ralnfed conditions, but the 
choice of crops would have to depend upon the amomt and 
distribution of the prevailing rainfall. Additionally, it will 
be necessary that the maximam possible quantity of rain water 
is conserved in ponds and pools situated either within the 
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farm area or elsewhere, in soil profiles and underground 
storages so that the same could he readily used to save crops 
in times of stress. Not only in rainfed farming but even under 
irrigated conditions, one will have to plan for the most 
economic and efficient use of water to derive maximum possible 
benefit from rainfall reducing dependence on irrigation so that 
the advantage of availability of water could be extended to 
as large an area as possible. This necessitates a close study 
of the existing cropping patterns vis-a-vis rainfall patterns 
aimed at determining the nature of changes needed in cropping 
patterns to make the maximum use of rain water. The cropping 
patterns depend primarily on soils and climatic factors, but 
as they evolve, also represent the integrated effect of the 
requirements, local habits and econoimic factors through time. 

In the context of increasing production, it is necessary to 
examine them from a scientific angle and find out possible 
alternative patterns having higher potential. Accordingly, the 
Gomimlssion undertook a comprehensive study of the rainfall and 
cropping patterns of the country, using taluk as unit of area. 
The study covered several other relevant factors also to 
facilitate an integrated assessment, viz., orography, land use 
pattern, human and livestock populations, and power availability 
for cultural operations ,soils and climate, 

14.1.3 The detailed data on rainfall and crops collected 
would enable one to delineate the country into suitable 
agro-cliraatic regions, as crops represent the integrated 
effect of several natural factors including soils. The 
extensive crop and related data thus collected and processed 



diiring the present study should provide a valuabls source 
of reference particularly for planning at levels ranging frou 
taluk to all-India, besides its utility for the main purpose 
of arriving at the future cropping patterns. The initial 
processing of data and study vfas done for each State separately 
In view of their importance the basic data and the results of 
study together with all relevant taoles and maps are being 
publi shed separately in the form of State Voluimes. The 
report on ’Rainfall and-Cropping Patterns of Karnataka' is 
Included as an Appendix at the end to serve as an illustration. 
This chapter consists of nine sections. The methods followed 
for defining rainfall, cropping and livestock patterns are 
explained in section 2 on liethodology, A brief review of the 
different factors being covered is also included. Section 3 
deals with general information on area, population, land use, 
irrigation, soils and livestock. Rainfall patterns - zones 
are analysed in section 4, Areas, both geographical and gross 
cropped, are sho\m against each pattern for the seasons June 
to September, October to January and February to t'lay aJeparately 
The rainfall zones of section 4 have been grouped to form 
regions with a few simplifications .and approximations and 
these are considered in section 5, The regions form the basis 
of study for crops etc, A list of the regions together with 
particulars of geographical and gross cropped areas is 
included. In addition, a comprehensive Appendix 14,6 - 
statam: 3 nt giving the details of taluks/subdivisions in each 
Region with cropping patterns of State areas in each region 
and indication of percent irrigated areas in the districts 
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in the region has also been prepared. Section 6 is devoted to 
cropping patterns of regions but a list of patterns in each 
State is also included. V/hile discussing cropping patterns 
in each region, the suitability of the present cropping 
structure and suggestions for imorovement have also been 
included. Area, distribution and yield of some selected 
crops have also been analysed. This section includes also 
a summary of the Reports prepared by some of the States. 
Section 7 gives suggestions for future cropping patterns. 

The last section contains a summary of conclusions and 
recommendations, A number of statements and maps showing 
rainfall, cropping and livestock patterns etc. are included 
as appendices at the end. 



2 :I3TH0D0L0GY 


The fTiethodology follov/ed in the st.idy is described 
in this Section, The chief features of the study are (a) use 
of tal‘'j}c or tehsil as unit of area; (b) introduction of the 
coded niitierical fern to express patterns of distribution 
of rainfall for the whole year, as also of crops and 
livestock; (c) Inclusion of infornation on orography, 
teTiperature, evapotranspiration, rainfall, soils, 
irrigation, land use, hu^nan and livestock populations, 
power availability for field operations and yield perfornance 
of crops, all of which influence in different ways and degrees 
the cropping patterns of a place and (d) presentation of coded 
information on rainfall, crops etc. on maps of scale 1 ; 1 
lillion. 

Hainfall Patterns 

14.2.2 As stated in Chapter 13 on Climate and Agric’.ilture, 
a riajor feature of Indian rainfall is that 70 to 95 per cent 
of the annual rainfall occurs during the southwest monsoon 
months of June to September throughout the country, except in-thc- 
south east peninsula and Kashmir and adjoining hill areas. The 
•monsoon as well as .annual rainfall show large fluctuations 
from year to year, but as stated in 'Chapter 13 on Climate and 
Agriculture, there is no evidence of any significant ‘trend 
or periodicity in them when examined over a long period, July 
and ii'^gust are in general the rainiest months, When rainfall 
is considered in relation to crop production the annual or 
seasonal totals do not have’ much significance compared with 
the totals for smaller intervals. A relevant question therefore 
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to bo considered is whether rainfall should be examined on a 
weekly, fortnightly or monthly basis. The coefficient of 
variation (CV) of monthly rainfall is as high as 40-’50 per cent 
even In the rainiest month of July over most of the central, 
northern and eastern India. In the south excluding west coast, 

CV is 60 to 100 per cent. The variability of weekly or 
fortnightly rainfall is many times greater. This is a major 
difficulty in using weekly and fortnightly rainfall as dependable 
indicators of rainfall distribution. Therefore, while studies 
for individual or specific problems on the basis of weekly or 
fortnightly rainfall data have their ovh utility in spite of 
their high variability, for a macro-study like the present one 
for the whole country, monthly data are most convenient. 

14,2,3 , In order to facilitate examination of the distribution 
of rainfall during periods of crop growth, limits of rainfall 
vrhich have closer relation to broad requirements of crops, have 
been drawn up. The time span of most of the crops is usually 
of the order of 90 days or longer. Keeping this in view, the 
following limits have been used in the study; 

i) Rainfall of greater than 30 cm per month (pm) 
for at least three consecutive months would be 
suitable for a crop like paddy whose water need 
is very high; 

ii) 20-30 cm pm for not less than three consecutive 
months would be suitable for crops whose water 
need is high but less than that of paddy, for 
example, maize and black gram; 

lii) 10-20 cm pm for at least three consecutive 

months is considered suitable for crops requiring 
much less water, e.g. bajra and small millets; 

iv) 5-10 cm pm is just sufficient for crops which 

are low water requiring, e,g. moth (p, aconltifoliu 
and ephemeral grasses; and 
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v) Rainf ill less th.an 5 cm pin is not of m’och 
significance for crop prodnctioru 

14,2,4 For denoting the year’s rainfall distribution using 

monthly totals, a coda having letters of the alphabet with 

nunerical subscripts is employed. The letters denote limits 

of monthly rainfall and the subscript to a letter the number of 

months in which rainfall indicated by the letter is received. 

The limits chosen are the same as statea in paragraph 14.2,3 

for different types of crops. 

symbol monthly rainfall^ 

A + greater than 30 cm 

3 20-30 

G 10-20 

D* 5-10 

S* less than 5 

The southwest monsoon nonths June to September form tho 

principal rainy season and outside it there are hardly a few areas 

and months with rainfall of even 5 to 10 cm pm. In depicting 

therefore the year’s distrlbutibn the portion for June to 

September is central and it is entered in brackets. To the 

right is the distribution for the post-monsoon months of 

October to January and "to the left that for the pre-mcnscon 

I? Overlapping intert/ul points suitably adjusted, 

♦ In distributions involving-’A or 3 types, r;ainfall amounts of 
less than 10 cm are less signific;ant and their frequency 
is also small. To reduce the number of combinations, D type 
is skipped over in distributions beginning v/ith .-v or 3 and 
3 symbol denotes less thran 10 cm pm. Thus 32 22 . weald 
denote ti-ro months 20-30 cm- pin and two months less thma 10 
c .1 pm, 

+ iin examination of ;ionthly rainf?.ll in the com try shows that 
except for areas in the west coast, extreme north east 
and some hill areas^ montlily rainf.;iLl seldom exceeds 40—50 cm. 




158 

months February to May. The number of possible oombinations of 
months with different rainfall a-aounts and frequency for a four 
iTJonth period is 45, a list of these is giveh in Sbartaaent-F, 
Appendix 14,1 and these cover all the types and ranges of rainfall 
occurring in the different parts of the country in the southwest 
monsoon season. The year is divided into three periods of 
four months each. The arrangement of months in each of the 
four month periods is in the order of decreasing rainfall and not 
according to calendar sequence. However, no serious difficulty 
arises in general as the rainiest months in each season are well 
known e.g, July and Apgust are usually the rainiest in June to 
September period. Similarly May is the rainiest month in the 
period February to May and October in October to January period... 
To facilitate identification of rainfall of the different months, 
decoded form according to calendar, sequence of each of the 
distributions occurring in the country have been suitably included 
and this coding sequence would therefore not offer any difficulty. 
An example of a yearly distribu-ftion is Dl 33 (A2 31 Cl) CIDS, in 
which for each of the three periods, the symbols are in order 
of decreasing rainfall which is not necessarily the calendar 
sequence. Its interpretation follows; 

1) D1 33 represents the period February to May in 
which one month’s rainfall (usually May) belongs 
to 5-10 cm type and the remainder throe months 
get less than 5 cm jjm. 

ii) a 2 31 Cl represents the period Juno to September, 
in which two months (usually July and august) 
get more than 30 cm pm, one month (September) 
belongs to 20-30 cm Type and the remaining month 
l.e, Juna has 10-20 om type. 

Hi) G1 D3 represents thcs period October to January 
in which October belongs to 10-20 cm type and' 
the rest to 5-10 c.n pm type); 
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14.2.6 If an Identical distribution occurs ovar two or more 
adjacent taluks, the distribution is designated as a pattern 
and the area covered by It is distinguished as a zone and 
indicated suitably by numbers. Rainfall patterns have been 
identified for the whole country using the methodology described 
above. The data used for the analysis are the monthly normals 
of rainfall (1901 to 50) contained in Memoirs of India 
Meteorological Department Vol.XXXI - Part 3, 1862 and depicted 
on all-India map of scale 1 ; 1 million. The teriulnology 
followed in describing and discussing distributions of monthly 
rainfall is as follows: 

terminology description 

i) rainfall pattern ^/hen a season’s (four months) or 

the year’s (12 months) distribution 
is referred to, according to context 

ii) type '/hen rainfall of any of the five 

intervals A to 3 is referred to 
e,g, A type, B type etc. 

ill) category 'Vhen a range between types is 

referred to e,g. A, to 3^ 
category ^ 

14.2.6 Boundaries of Rainfall Zones: Taluk is the unit of 
area in the present study and analysis but as rainfall is 
recorded at individual locations, we would have to consider 
the adequacy of a station (or stations) as representing the 
respective taluks in v;-hich it is (or they are) located. 

Although rainf.all is a highly variable element, it is seen 
that differences in monthly, seasonal and annual amounts are 
small within short distances and the data of the taluk 
station could be used as representing rainfall of the taluk 
for all practical purposes. Being point measurements, 
isolines for the same or nearly the same type of distribution 



of monthly rainfall can be drawn. These isolines will not 
necessarily follow the bomdaries of taluks but intersect them 
and the folloi/i ng procedure has been adopted for dealing with 
portions of taluks; 

i) whore variations are small, Isolines follow the 
taluk boundaries,- 

ii) where essential, isolines intersecting taluk 
boiandaries have been retained; and 

iii) when listing taluks included in different 
rainfall zones, .^my area of less than a 
quarter of a taluk is omitted. 

Cropping Patterns 

14.2.7 The basic data for the study of cropping structure of 
the country is the area distributions of crops in the taluks. 
Numerous crops are grown in a taluk but most of them occupy 
a very small area as per cent of gross cropped area. For 
purposes of our study we have limited the crops in a taluk to 
those which individually occupy 10 per cent or more of the 
gross cropped area of the taluk and these are taken to 
constitute the crop distribution of the taluk. In this process 
several crops have often got excluded, though they may be of 
local importance, e.g, vegetables, potato, tobacco, sugarcane, 
fruits etc. A minimum upper limit of the total areas of 
crops in a distribution or a pattern has been fixed at 70 per 
cent after several trial computations. The maximum number of 
crops needed to reach the minimum of seventy per cent area 
limit, seldom exceeds four or five. Also, it is only rarely 
that crops lyfith more than 10 per cent area are omitted from 
inclusion in a cropping pattern. Thus, a combination of 
crops, each occupying not less than 10 per cent of the gross 
cropped area of the. taluk and with a total of not less than 
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70 p )r cant of tho fiross cropped aroa of tha taluk is 
consider 3d as constituting a cropping p -ittarn provided it is 
the sale over two or lore ad^Jacant talu]zs„ 

14,2.8 As in the case of rainfall, crop areas are coded in 
terms of crop symbols with numerical subscripts to denoto 
per cent areas coverod. The code is as follows: 


crop code 

rice Pd 

pulses other Pu 
than pigeonpea 
and gram 

potato Pt 

Wheat W 

maize M 


small millets .It 
;jowar kharif Jk 


Jowar rabi Jr 

j ute J u 

bajra B 

barley Ba 

ragi R 

gram G 


area coverage* 
(per cent of 
gross cropped 
area) 


70 or more 
50-70 
30-50 
10-30 


crop 

QodiQ 

groundnut 

Gn 

oilseeds other 
than groundnut 

0 

oats 

Oa 

cotton 

C 

other fibres 

Fb 

fodder 

F 

fruits 

Ft 

plantations 

L 

sugarcane 

o 

vegetables 

V 

chillies 

Oh 

pig eonp oa (tur) 

1 


tapjioca Ta 


Coda 


1 

2 

3 

4 

5 


less than 10 
* overlapping inter'tal points s’Jitably adjusted. 
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Tho code nuiiiL) 3 r indicating the percentage area coverage by a 
particular crop is affixed as a subscript to the crop syabol 
concerned. The first crop in a pattern has always the highest 
area among crops in the patterns and the rest do not necessarily 
follow the order of decreasing areas. For example crop pattern 
C3 Jr4 Mt4 indicates that cotton area is 30-50 per cent and 
jowar (rabi) and Tiillets each occupy 10-30 per cent of the gross 
cropped area; the total is 70 per cent or more. The cropping 
patterns so derived have been indicated on maps of 1:1 million 
size and analysed. 

Relative Yield Index (RYI) of Crops 

14.2.9 The performance of crops in different parts of the 
country has bean exaiained using the yield data of the respective 
crops. These are readily available in published form for 
districts and States only. Instead of using absolute yield 
values they have been expressed as per cait of all-India. The 
yield of a crop in a district expressed as percentage of all- 
India is called Relative Yield Index of the crop and denoted 

by symbol RYI, RYI values have been computed for the 
principal crops based on area and production statistics of 
districts for the three period, mostly 1968-69 to 1970-71, 

The three-year yield averages lend some stability to these 
figures and the years used were the latest at the time those 
were computed. 

Livestock Patterns 

14.2.10 The livestock patterns are relevant in the present 
context only in so far as these are related to production of 
fodder and feeds, Taluli data, which are the basis in this study 
for ma;3or components, have not become available from the 
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Livestock Census, 1972. Hence, data of 1966 Census as published 
by the States fora the basis of coa5>utatlons. The categories 
of aninals included in livestock census, are shown below 
together with the syn'ools used in the present study: 


category symbol 

cattle: 
malss 

(over 3 years) Cm 

females 

(over 3 years) Cf 

yomg stock 

(under 3 years) Cy 

buffaloes: 
males 

(over 3 years) 3m 

females 

(over 3 years) Bf 

yo’Jug stock 

(under 3 years) By 

sheep S 

goats G 

hor SOS,mules and 
ponies H 

donkeys D 

camels Ga 

pig s P 


Following the same percenta,ke intervals as used for crop 
patterns, the livestock patterns are identified and expressed 
in the following coded form. 
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percont of 

total llvastock * code 

70 or more 1 

60-70 2 

30-50 3 

h 

10-30 4 

lass than 10 5 


* overlapping interval points suitably ad;justed. 

Soils 

14.2,11 Soil data corresponding to the scale used for the 
rainfall, crops and livestock patterns are not available for all 
the areas of the country. Out of about 305 Mha of the country's 
surveyabla area, only about 90 i'dha have been surveyed by one 
:nethod or the other, but soaie of these areas need resurveying. 

In some states like 3ihar and West Bengal, which have been 
covered almost entirely by reconnaisance survey, the work on 
soil correlation has not made much progress. Because of this 
position, we submitted an Interim Report specially on soil 
Survey and Soil Hap of India (August, 1972) recommending that 
expeditious measures should be undertaken to prepare the soil 
map in 1: 1 M scale. We envisaged that a useful soil map of 
India could be prepared within about 10 years* time, if 
necessary steps to organise soil survey parties in accordance 
with specific requirements are commenced urgently. This being 
the position, it has not been possible to go into greater 
detail regarding soils than giving a broad description based 
on the information in the map prepared by the .ill-India Soil 
and Land Use survey, Indian Agricultural Research InstitutQ(1971). 
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Power 

14.2,12 The components of powar are human, animal (mainly 
bullocks and ha-buffaloes), mechanical and electrical. Human 
power reckoned here comes from cultivators, agricultural 
labour and those engaged in livestock, forestry, fishery and 
plantation etc,, as reported in the official census of 1971, 
Since district data from 1972 Livestock Census have become 
available and since it is sufficient for a broad idea of power 
availability in the present context, the same have been used 
for power study. Information on agricultural machinery has 
also been obtained from the same source. For estimation 
purposes, the contribution of each of the power components has 
been taken to be as follows*- 

component horse power (HP) per unit 

i) human 

(for (;3ach person in the 
age group 15-59 years) 


man 0,07 

woman 0,05 

ii) animals 

bullocks/buffaloes 0,40 

camels 1,00 

ill) mechanical/electrical 

tractors 25.00 

power tillers 7,00 

power sprayers/dusters 2,00 

diesel engines 7,00 

electric .motors 6,00 

electrically operated 
sugarcane crushers 6,00 


As tractors are also employed for hauling operations, only 
half of their number has been taken for calciolating 
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available power for tillage. Eighty per cent of human and 
animal power is taken as power available for crop production 
after allowing 20 per cent for extra farm activities. The 
reasons for these assumptions and detailed discussion of 
power availability have been given in Chapter 50 on Farm 
Power. 



3 GlUiHKAL INFORMATION 


14.3.1 This Sactlon contains a brief analysis and 
description of certain deteritiining a essential factors 

such as areas, hu:nan po]:ulation, land use, irrigation, soils 
and livestock population which have a bearing on cropping 
patterns, Cliaatic factors including temperature, evaporation, 
sunshine and radiation and general rainfall distribution have 
been considered in the preceding Chapter, 

Area 

14.3.2 The'geographical area of India is 328 Mha. As 
district .r,nd taliik data are. used in the .analysis, a brief 
indication is given of the distribution of their areas in the' 
different States and the country. There were 356 districts in 
1971,^ and their areas are distributed as shown in ^//endix 

14.2 - Statement I, The districts are .not of unlfor'a size and 
vary widely from a few hundred sq km in the case of city/ 
capital districts to more than 20 thousand sq km. About a 
quarter of the total number of districts have areas of less 
than 5 thousan.'. sq ka^70 i er cent of the districts have areas 
between 5 to 20 thous ui" sq km. The frequency of districts 
with area between 5 to 10 thousand sq km is 40 per cent. Of 
the 12 .listricts whose areas exceed 20 thousand sq km, 5 are 
in Rajasthan, one is Kutch in Gujar-at and another is Bastar 

in i'hdhya.. Pradesh, 

1, 1974, Indian Agriculture in Brief, Thirteenth 

New Delhi, Directorate of Scono.iics and Statistics, 

Ministry of Agric'olture Irrigation, Govern.ment of India. 
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14.3.3 The taliik areas also vary widely. The total nuraher 
of taluks in states where such a ^livision of the district exists is 
about 1850.^ In as many as 7 States of 14 listed in table 14,1, 
about 60 to 75 par cent of taluks exceed 1000 sq km in area. 

Sven in a state of small area like Kerala 12 out of 57 taluks 
have areas higher than 1000 sq km. Areas of 40 per cent of the 
taluks in Madhya Pradesh are more than 2000 sq km each. 
Non-uniformity in areas of districts and taluks makes 
interc'Huparisen of lata difficult. 

Table 14.1 

Taluks/Tehsils exceeding 1000 sq km in Area 



Number of 

Number with area 

p ere an tag 


taluks/tohsils 

of more than 1000 

of col,3 



sq km 

to C'^1,2 

1 

2 

3 

4 


Andhra Pradesh 

195 

139 

71 

Gu^ arat 

184 

1 53 

24 

29 

Haryana 

32 

75 

Himachal Pradesh 

52 

11 

21 

Karnataka 

175 

84 

68 

Kerala 

57 

12 

21 

Madhya Pradesh 

190 

169 

89 

Maharashtra 

235 

147 

63 

Orissa 

103 

61 

59 

Punj ab 

41 

25 

61 

Ra;jasthan 

196 

113 

58 

Tamil Nadu 

133 

52 

38 

Uttar 'Praiesh 

207 

129 

62 

Jammu dc Kashmir 

44 

9 

20 


1. Districts in Assam, West Bengal and Bihar are not 
divide 1 into taluks. 
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Population 

14*3,4 The total population of the country according to 1971 
Census Is 547,9 million corresponding to an average density 
for the country as a whole of 182 persons/sq km. The density, 
however, shows large variations when State, district and taluk 
areas are considered. Appendix 14,2 - Statement II shows the 
State density and frequency of district density in different 
intervals. Among the States, Kerala (549) and West 33ngal(504) 
have the highest density of over 600 per sq km; 3ihar, 

Tamil Nadu and Nttar Pradesh have density of about 300 per 
sq km; Uttar Pradesh density xirould be much higher, if the hill 
districts are excluded. Nagal-uid, Manipur and .Arunachal Pradesh 
have low density of less than 60 per sq km but among the bigger 
States, Rajasthan has a low density of only 75 per sq km. The 
density cf Jammu & Kashmir is vitiated due to lack of 
information on occupied arehs. The district density shows large 
variations from less than 100 to over 1000 per sq km, Kerala ? 
and Zest Sengal are the only States with districts (which 
are not State capitals) which have density exceeding 1000 
per sq km. Excluding Union Territories 20 per cent districts 
have density less than 100 per sq km, 40 per cent are between 
100 and 200 per sq km -ind 30 per cent above 300 per sq km. 
Appendix 14.8 - ilap VI shows the distribution of district 
density of population. The areas of low and high density are 
shaded. The belt of the country extending from West Uttar 
Pradesh to West Bengal (excluding hill areas and southern 
portions of Bihar) has density exceeding 300 per sq km. The 
only other continuous belt of high density is Kerala and 
neighbouring parts of Tamil Nadu, 
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14.3.5 For co:aputing powsr availability for agricultiirs we 
need to know the agricultural^ working population which is 
taken to include cultivators, agricultural labour and those 
engaged in livestock, fishery, forestry and allied activities. 
These categories total to 130 million but they cover all age 
groups up to 60 and above. Considering that effective work 
force engaged in agriculture is from 15 to 59 years, the 
agricultural workers for these age groups tot;il to 109 
inilllon. This represents about 20 per cent of the population 
of the country. Corresponding figures for the different States 
are shown in Appendix 14.2 - Statement III aud these vary 
between 15 and 25 par cent except for lianlpua? (31-per cent) and 
Meghalaya (^2 per cent). The maximum agricultural wrjrklng 
popialation of 25 per cent is in Andhra Pradesh and 

Madhya Pradesh. Four States viz. Pmjab, Haryana, West Bengal 

and Kerala have only 15 per cent. The frequency distribution 

of agricultural working population is as fallows: 

agricultural working number of States 

population as per cent 
of total 

14,5 — 15,0 4 

15.1 - 20.0 6 

20.1 - 25.0 10 

14.3.6 The different items of land use have been expressed 
as percentages of the total reporting area. The reporting 
area aJicreased gradually from 289.3 Mha in 1950-51 to 305,6 Mha 
in 1969-70 and 305,3 Mha in 1970-71, The area for which no 

1, Census of India 1971, Series 1 - India, SconoiOic 
Characteristics of Population, 
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returns exist as percentage rf total geogrerhical area is 
6,7 per cent. Table 14,2 gives the all-India Ijand use 
statistics for 1969-70 to 1971-72. It will be seen that 
of the total reporting area of about 306 Mha, forests 
occupy 21,6 xrer cent and land not available for cultivation 
about 15 per cant. Ten per cent of the area is barren and 
unculturable and area put to non-agricultural use is 
6 per cent, P3rii;'anant pastures, and other grazing lands, 
land under miscellaneous trees, crops and groves not 
included in net area sown and cultivable waste together 
account for 11 per cent. Current fallow lands are 4 per cent 
and other fallow lands account for 3 per cent of total 
reporting area, All these items total to about 55 per cent 
of reporting area. In 1969-70, net area sown was 45 per cent 
and in the subsequent two years 46 per cent. The cropping 
intensity is 118 per cent, area sown more than once being 
18 per cent. Net irrigated area was 22-23 per cent of net 
sown area and gross irrigated area 23-24 per cent of gross 
crr.pped area during this period. 
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Table 14.2 


1 

All-India Land Use Classification - 1969-70 to 1971-72 


jor cent of reporting area • 


Classification 

1969-70 

1970-71 

1971-72 

area under forests 

21.6 

21.6 

21.5 

area not available for 
cultivation 




(1) area put to non-agricultural 5.2 
Use 

(il) barren and uncultlvable land 9.9 
total (i (i il) 15.1 

5.3 

9.5 

14.8 

5.4 

9.6 

15.0 

other uncultivated land excluding 
fallow land 



(1) perTianent pastures and 
other grazing lands. 

4.2 

4,4 

4.3 

(li) ntisc. trees, crops and gtove 
not included in net area 
sown 1,5 

1.4 

1,4 

(ill) culturablo waste land 

5.2 

5.3 

5.2 

total (1 + ii + iii) 

10.9 

11.1 

10.9 

fallow land 




(i) other than current fallows 3.1 

2.8 

2.9 

(li) current fallows 

4.0 

3.7 

4.1 

total (i + li) 

7.1 

6.5 

7.0 

net area sown 

45.3 

46.0 

45.6 

total repo'rting area (thousand 
hectares) 

306,050 

305,270 

305,583 

total G3"-graohical area 

(th' Usand hectares) 328,048 

peroeritu^e c f t-'-tal cr'^pp ad 
area to' net area so^wn 110.1 

percent:ige of area sewn .n -re than 
once t net area som 18.1 

percentage of net irrigated area 
t" net area soim 21*9 

percentage >f gross irrigated 
area t gross cropped area 22.8 

328, 048 

117.6 

17.6 

22.3 

23.3 

328,048 

117.7 

17.7 

22.7 

23.5 

1. Indian agriculture in brief 

13th and 

14th Sditl 

c.'Us, DBS. 
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14.3.7 Appendix 14^2 - Statement IV shows the land 
utilisation statistic’s for 1969-70 for different States and 
Union Territories In the country. Some of the main features 
are briefly stated, 

i) Forests; Andaman and Nicobar Islands are almost 
entirely under forests (94 per cent) closely 
followed by Arunachal Pradesh with 81 per cent, 
Around sixty per cent of the reporting area in 
Himachal Pradesh, Jammu & Kashmir, Tripura and 
Mizoram is under forests. Among the major States, 
Madhya Pradesh and Orissa have a third of their 
area under fbrests. In Kerala and Andhra Pradesh, 
a quarter of the total area is under forests. 

There are pradtlcally no forests in Punjab, 

Haryana and Rajasthan. In the rest of the major 
States forests account for ten to twenty per 
cent of the reporting area. 

il) Land not available for cultivation is generally 
10 to 20 per cent.' H0weveiv33 per cent of land 
in Assam, 26 per cent in Gujarat and 60 to 85 
per cent in Manipur, Meghalaya and Nagaland is 
not available for cultivation. 

ill) Fallow lands are generally less than 10 per cent 
and in some States practically negligible. Only 
Bihar, Rajasthan and Tamil Nadu have 12 to 16 
per cent area under fallow lands. 

Iv) Net sown area is highest, 80 per cent of reporting 
area/in Haryana and Punjab, It is around 4C per 
cent in the belt from Rajasthan to Orissa and 
Andhra Pradesh and 50 to 60 per cent in the 
west and south from Gujarat to Kerala and Tamil 
Nadu, In Assam and Tripura net area so\-m is 
around 30 and 20 per cent respectively while 
in Himachal Pradesh and Jammu & Kashmir it is 
around 10 and 15 per cent respectively. In 
Manipur net area sovn forms only eight per cent 
of the reporting area and negligible in the 
north eastern States, 

v) Area sown more than once as per cent of net sown 
area is highest (68 per cent) in Himachal Pradesh 
and 30 to 40 per cent in the tract from Punjab 
to West Bengal and Orissa, Tripura and Kerala 
and 15 to 25 per cent in Jammu & Kashmir, 

Meghalaya, Andhra Pradesh and Tamil Nadu; 
elsewhere, it is small 5 to 10 per cent. The 
intensity of cropping is not high, particularly 
in the South, 

Irrigation 

14.3.8 The net and gross irrigated areas during the two 
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decad' 3 S fron 1950-51 an shown in Tabls 14,3, Met irrigated 
aroa rose by fifty per cmt, though during the last threo years, 
tha rise has baan saall. fhe increase in gross irrigated area 
has been larger, seventy per'' cent, according to estimate for 
2000 given in Appendix 15,2 of Chapter 15 <l?n Irrigati-.n, the 
gross irrigated area during the next three decades will be .'iiore 
than doubled. 


Table 14.3 
Irrigated Area 

(14ha) 


Year 

Net 

Gross 

1950-51 

20.9 

22.6 

1955-66 

22.8 

26,6 

1960-61 

24.7 

28.0 

1965-66 

26.3 

30.9 

1969-70 

30.4 

37.3 

1970-71 

31.2 

38.5 

1971-72(provisi 

-nal')31. 6 

38.6 


According to estiaate for 2000 -O gross irrigated and cropped 
areas-- are expected to be 84 liha and 200 Mha respectively. This 
w cc^rrespond to a gross irrigated area of 42 per cent, 
leaving still about 60 per c; 3 nt to be fed by direct rainfall, 
Hai-ifed agric’olturo ,w'''Uld continue to dooiinate Indian 
agriculturoe, alai-st as a p^erraanent f-aature. The distribution 
of gr' ss irrigated areas^~ Appendix 14.2 Statenont - IV 
sh vs v;i.l:: variations ao ng the States, being lass than 10 
T o-o-oo'-'n In 'I-i'Ihya -praaesh and Aaharashtra (tv-^ of the 
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biggest Stctes in the country), to about 75 per cent in Punjsb 
which Is the State with highest percentage of irrigation in the 
'country. Haryana and Ta:nil Nadu are next with around 45 per ceni 
but 30 per cent less than Punjab. Andhra Pradesh and 
Uttar Pradesh are about a third irrigated. Bihar, West 
Ben^-al, Assam and Kerala have 20 to 25 per cent Irrigation 
and elsewhere it is 10 to 20 per cent. Appendix 14.2 - 
Statement V shows the frequency of districts in each State 
in different class intervals of net irrigated area. Of the 
302 districts for which data could be collected, only 40 
(13 per cent) have more than 50 per cent irrigation. A third 
of the districts had less than ten per cent. A.bout 20 per cent 
of the districts had 30 to 50 per cent net irrigated area. 

14.3.9 'The distribution of irrigated area under various 
sources is shown in Appendix 14.2 - statement VI. For the 
country as a whole, 40 per cent of the net irrigated area 
is under canals, 3S per cent under wells and 15 per cent under 
tanks. The State figures show significant variations. Canal 
irrigation accounts for nearly half the net irrigated area 
in :fedhya Pradesh, i.ndhra Pradesh, Kerala and Punjab, around 
60 per cent in Haryana and Assam and more than 95 per cent in 
Jammu & Kashmir. In Karnataka, Tamil Nadu, Rajasthan, Uttar 
Prac'osh and Bihar around 35 per cent area is irrigated by 
canals. A feature of significance is- that in Uttar Pradesh, 
Maharashtra, Gujarat, Rajasthan rand Punjab well irrigation 
accounts for raore than 50 per cent of irrigated area. In Tamil 
Hadu, Bihar and Karnataka it is 20-30 per cent only. Elsewhere 
well irrigrotlon is small or negligible. The highest percentage 
of tank irrigation is in Orissa being 51 per 'cent, and accounts 
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for a third In Tamil Nadu, Karnataka and Andhra Pradosh. lank 
irrigation accounts for 10-20 per cent in Rajasthan, Maharashtra, 
Kerala and ’/est Bengal; elsewhere it is negligible. Ket irrigated 
area as pt3r cent of net sown area of districts is shov/n in 
Appendix 14.8 - Map VII which relates to the year 1970-71 for 
a number of areas and to 1969-70 for the rest. 

Soils 


14.3.10 As already mentioned in Section 2, inforraation on soils 

is scanty. Me give here a brief idea of the main types of soils 

prevailing in the different parts of the country. This account 

is based on the Soil Map of India, published in 1972 by L.-RI 

which is on a scale of 1 cm s 60 iOn. For more details, 

reference may be made to Soils of India a compilrtlon by the 

Fertiliser Association of India for the different States of the 

country. The account which follows is given for areas In 

1v titudina1 int ervals. 

i) Latitudes south of 16^Ks 

The areas covered are Tamil Nadu, Kerala, most c 
Karnataka and southern parts of Andhra Pradesh. 
Excluding coastal areas, the main soils in the 
rest of the portion are red Sandy with pockets 
of mixed red and black, red loam ana laterite. 

wide laterite belt runs along the west coast 
from northwest to southeast and i:xiodiately 
adjoining area in the east has .red loam soils. 

Best coast like the west has a narrow or thin 
strip of coastial alluvium with deltaic alluvium 
in Tanjore a.r-3a and pockets of red loam and 
later!tic soils. 

ii) Latitudes 16 to 20^N; 

Along -west cor.st southern half is laterite and 
northern red loam. In the east, coastal alluvlu" 
and in Krishna and Godavari areas deltaic a.lluvl 
arc present. Of the renaining area, h'lf of it . 
the west has black soils mostly medium deep 
anic In the east red sandy with sizesible pockets 


3.. 3977. Soils of India., Now Delhi. The Fertiliser Association of 
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of deep black and red loaa soils, 

ill) Latitudes 20 to aAs 

The areas covered extends/tron Saurashtra and Kutch 
In the west to Tripvira and illzorani In the east. 
Almost the entire area to the west of longitude 
80'^B is covered by black soils with pockets in 
Gujarat of calcareous soils and delataic^ 
alluviu-a in Hutch. Sast of longitude 80°3, the 
soils are rad and yellow except for pockets of 
laterite, red sandy and laterite soils; the 
areas of v/est Bengal are Tiostly alluvial, 

Iv) Latitudes 24 to 32®N: 

(a) //est of longitude 76®E, the areas' covered are 
Rajasthan and western portions of Haryana and 
Punjab. Soils in these areas are desert, 
calcareous, .'Id alluvial in parts of Ganganagar 
and Ferozepur, alluvial with salinity in Tonk 
and Jaipur and in. Amritsar to Jullundur, It 
should be mentioned that a fairly widepbalt of 
calcereous soils runs fron latitude.; 22 ' in 
Surendranagar and li9hsana districts to Hissar 
and Ferozepur districts. The Southeastern 
part has red brown, taixed red and black and 
alluvial with salinity soils, 

(b) ilast of longitude 76^3: 

South of line from Jaipur to Gaya and then 
to V/est Dinajpur (’'••/est Bengali soils are 
3' derate blac}:, imixed red and black or red 
sandy in the western half and red and yellow 
with snail area of red sandy up to ’iJest Bengal 
(If-ngitude 88^3), Excluding hilly areas both 
to the n''rth and east, the rest cf the area 
is mainly alluvial with saline patches, 

v) Latitudes N.irth of 32*^N; 

In the extreme nrrth there are glaciers and 
] ermanent snow, mc:untain meadow sub-iraonttno 
and brovni silt soils. 

■vi) General: 

.-J-luvial soils occupy about 30 per cent of 
the geographical area of the country. Allm^ial 
soils calcareous, coastal alluvium, deltaic 
alluvium and alluvial soils affected by 
salinity and alkalinity "ccupy 12 per cent. 
Desert soils are 4 per cent in area, black 
soils 15 per cant and red soils 9 per cent. 

All these types t- tal to about 70 par cent 
of the g-3 graphical area; 
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Li^'estock 

14.3.11 The totdl livestock population of the co^intry rose from 
307 million in 1956 to 336 in 196i, 344 in 1966 and 355 million 

in 1978. The total rise during the last decade has been of the 

# 

order of 6 per cent. Cattle constitute the largest in nanbers, 

being half the total number of livestock, iinong cattle, males 

of over three years are larger in number than the rest, 

the approximate distribution being Cm 21 per cent, cf 16 per cent 

and Cy 14 per cent of total livestock population. This 

percentage distribution has remained practically the same from 

1951. Goats are 19 per cent and sheep 11 per cent. Together, 

cattle, goats and sheep accoimt for over 80 per cent of the 

total livestock in the coimtry. Camels and horses are the 

lowest in numbers, being only 0.3 per cent of the total. Pigs 

constitute nearly 2 per cent. The total number of buffaloes 

is not insignificant, being more than ten per cent. The males, 

females and youngstock individually constitute less than 10 

per cent of the total livestock and,therefore, do not figure in 

.the livestock patternsin general. Sheep form the predominant 

category in Andhra Pradesh, Tamil Nadu and Karnataka in the 

south and in Hiaachal Pradesh and Jammu dc. Kashmir in the north, 

ere 

In Ra;3asthan sheep are next to goats but/in substantial numbers 
being over 20 per cent of the total. The belt from i-laharashtra 
to Uttar Pradesh in the north and Assam in the east has 
generally Cm as the largest category. Goats assume this 
position in Kerala, Rajasthan, Gujarat and West Bengal, In 
Uest Bengal and Bihar both male cattle and goats have nearly 
equal numbers. It is of interest to mention that goats are t* 
largest category in Kerala with 30 per cent of total; female 
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cattle are also high in nuTibers with 26 per cent closely followed by 
young stock with 24 per cent cf total, Gujarat too is similar 
with G and Cm having nearly equal percentages, Punjab and Haryana 
have 3f as the largest category. Bf account for more than 10 
per cent in Uttar Pradesh, Gujarat and Andhra Pradesh. In the 
eastern States pigs are irmportant. In Nagaland they are more than 
50 per cent of total livestock. In Hanipi^: they are slightly 
higher than Cm, In Goa, D-sman and Dlu they are nearly of the 
same order as male cattle. The other categories are mostly 
negligible in numbers. A few other points are: 

i) Cm is not less than 10 per cent of total livestock 
in any State except Kerala and Nagaland, The 
highest proportion is in Uttar Pradesh (28 per cent) 
fo'llowed by .vest Bengal, Assam, Orissa, Madhya 
Pradesh and Maharashtra with about 25 per cent each. 
Elsewhere it is mo -a- t - l - y 15 to 20 per cent, 

Mpefaocc-yv 

ii) Cf varies between 10 to 25 per cent and the maximum 
is in Madhya Pradesh,Orissa, Kerala and Assam, Cy 
is lower and ranges between 10 to 20 per’cent. 

ill) 3f accounts for about 20 per cent in Haryana and 

Punjab and 10 to 15 per cent in Gujarat and Andhra 
Pradesh, 3y category is highest in Punjab and 
Haryana (19 per cent) and less than 10 per cent 
elsewhere. In vest Bengal ib is hardly 1 per cent, 

Iv) Sheep in Tamil Nadu, Andhra Pradesh, Karnataka, 

Jammu & Kashmir and Hi lachal Pradesh are 21 to 25 
per cent. In the very heavy rainfall States of 
Kerala and Assam they are almost absent, 

v) Goats are about 30 per cent in Kerala and Rajasthan, 

vl) Sven in Rajasthan, Punjab and Haryana, camels hardly 
form 2 per cent, 

vii) The percentage of pigs is maximum in the eastern 
States and Andaman and Nic-'bar Islands. In Goa, 
it is •ib'’'Ut 20 per cent. 

Appendix 14,3 - Stata’Hent f 1 shows the different livestock 
categ'Ties in each of the States as percentages of their 
respective totals in 1966 and 1972 censuses. 

14.3,12 The livestock patterns in the States have been analysed 
Using taluk data except in the case c'f Kerala and a few eastern 
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States for which district/sub-divisional data have been utilised. 

The patterns are listed in Appendix 14,3 - Statement II. As may b© 
expected in exaininin.^ smaller areas, the variations from the nain 
patterns fcr the State as a whole, wo.uld often be considerable. As 
an example, Kerala's main pattern begins with G but more detailed 
analysis shows that there are significant areas where Cf predominate 
There are vary few patterns which begin with a subscript 3 and of 
2 there are extremely few. The predominance of sheep and cattle 
(male) in the southern States excluding coastal areas may be noted, 

14,3,13 A nUinber of patterns are common in different States. In 
drawing up the livestock patterns for the whole country, patterns 
which are common to two or mere States will appear only once. Also, 
to show the broad features cf livestock distributions in the country, 
patterns with two or three c*'mm..'n categories are grouped together 
and the remainder categories shown as alternates by oblique lines. 

The total number of patterns drawn up in this manner for the whole 
country is thirty five (35) and these are listed in Appendix 14,3 
.Statement III-. They are distributed according to category and 
numerical subscript as follows; 


pattern beginning_ subscrirt 


with . 

.1 . 2_ 

3 

4 ■ 

total 

Cm 


3 

.A 

7 

Cf 


2 

3 

5 

cy 


1 

1 

2 

3f 


1 

4 

5 

G 


2 

3 

5 

S 

1 1 

2 

3 

7 

P . 

1 1 

1 

1 

4 

Hale c ittle have not 

exceeded 50 

per cent of to 

tal lives 

took 

populati'-'n of any talult/district 

in the country 

. In two 

patterns 

with S and P, the percentage is 

above 50 and in 

one ab ut 7o or 

higher. The number >• 

f patterns 

in the country is small 

and is 


s’Jggestive ^-f uniformity in distribution over large areas. 

14.3.14 The livestock patterns in the different parts of the 
country ire shown in appendix 14.8 (Map V), 


4 RAINFALL PATTERT'IS - ZaiES 


14.4.1 The rainfall distributions of individual stations 
have been analysed in the manner explained in Section 2 above. 
In many cases#each taluk has only one station and linear 
interpolation and simple permissible aoproximations have also 
been employed while analysing the distributions. All taluks 
with identical distributions have been grouped together and the 
patterns drawn up for each State separately. In writing the 
annual rainfall distributions/ the arrangement in each four 
month period is aorording to decreasing class interval and not 
according to calendar sequence of months. To get over this/ 
decoded form of rainfall patterns and their equivalents have 
also been given according to calendar months. Additional 
information on (i) frequency of months with rainfall greater 
than 10/ 20 and 30 cm per month# (ii) geographical area 
expressed as per cent of State area and (iii) gross cropped 
area as par cent of total cropped area of the State has also 
been included. These are given in Appendix 14,4 ^.Statement I' . 
The advantage of presentation in this form is that one will 
know at a glance the rainfall in each month and the number of 
consecutive months with different amounts of rainfall v/hich is 
essential for croo analysis. The area covered by each 
pattern is a zone and the zones are numbered in each State 
according to increasing rainfall intervals. Basic information 
on annual rainfall# month of maximum rainfall# rainfall total 
of month of maximum and preceding or following v/hichever is 
higher and number of months with 10 cmom or more and total of 
rainfall for these months are included for each taluk station 

in an appendix to the State Reports. 
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Zonal Areas 

14.4.2 The areas under each of the patterns (zones) for 
the periods June to Septernber/ February to May and Cfctober 
to January have been wor.ced out for each of the States 
separately and for the country* as a whole. These are 
contained in Appendix 14.4 Statements II to IV . Salient 


features are discussed below: 


i) February-May: 72 per cent of country's geographical(roporting 
area gets rainfall of less than 5 cm pm and 15 

per cent area has 5-10 cm mostly during May. The 
main feature of this period is thus that about 90 
per cent of the geographical area of the country 
does not have even one month of 10 cm or more of 
rainfall i .e. / C type during February to May. The 
higher types are confined to Assam/ West Bengal/ 

Kerala and to some extent to Tamil Nadu, Karnataka/ 

Himachal Pradesh and Jammu and Kashmir. 

ii) In June to September the principal rainy season,^ 
areas of patterns/types vary widely. A4/A3 types 
cover a total area of 7 per cent. A2 B2 has the 
largest area of 12 per cent and A2 B1 Cl % per cent. 

A2 types are the largest with 26 per cent of 

total geograohical area and all A types together 
occupy 41 par cent area. B areas are less. B2 
type covers 11^ per cent and all B types together 
22 per cent, c is more than B, with a total area 
of 29 per cent. C4/C3 area is 9 per cent and C2 
about ^;/per cent, d area is about 7 per cent, e is 
almost negligible with only 0.6 par cent area. 

The areas of SW monsoon patterns beginning with 
types A,B,C and D and exceeding one per cent are 
dif^tributed as follows: 


Per Cent area 
1.01 - 2.00 
2.01 - 5.00 
5.01 - 10.00 
10.01 - 13.00 


A B C D 

2 2 1 

5 3 2 

12 4 1 

1 


* The total for the country given in Appendix 14.4 
Statements ll^ tol/ does not include areas of the 
northeastern States/Territories and occupied areas, due 
to want of necessary rainfall data etc. This, however, 
is not likely to affect significantly the major rainfall 
Zonal or pattern areas. The geographical area considered for 
these statements is the reporting area as received frcm 
the States. 
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ill) During October to January 45 per cent area. 

une’er E type, i,e. no month has even 5 cm of 
rainfall. Thirty per cent of the area rcortly from 
Apsam to Uttar pradesh and in the southern states 
gets 5-10 on during Oeb^ber, Fifteen per cent is in 
10-20 Cm pm class and this covers the east coast 
belt up to Bengal and areas in north eastern States. 

14.4.3 Gross Cropped /tree.: /ppendix 14.4 Statement V Shows 

the gross cropped area in 1969-70 in each State for each of the 

rainfall patterns of the South-west monsoon, a4/a 3 covers 

only 5 per cent of gross cropped area/ but ^^2 is nearly a ■ 

quarter (24 per cent) and 7 J nearly 9 per cent, B2 types a.e 

13 per cent and B1 9 per cent, C4/C3 is 12 per cent ard C2 

areas total to another: 12 per . cent. All these add up to about 

84 per cent, 

7 JI India Rainfall 
Patterns 

14.4.4 The four monsoon months constitute the dominant 
rainfall period in the country. During these four months/ the 
patterns in different <arec.s may vary from 7 ^ to E type. When 
one considers the rainfall in the preceding four months and 
:-’l, 55 c that in the succeeding four months, the patterns are 

cr,nsidcrably large in number. Even in type A, there can be 
r?:infall of that magnitude in all the four months or in three, 
two or one month. Thus under type A itself, there v/o-uld be 
13 patterns if monscjon months alcne are cc.nsidercd. But when 
the pattGr,n3 of rainfall in the preceding four months as 
also in the succee'^ ing four me nths aro' c: nsiderec, the number 
cf patterns under Type h becomes 73, Likewise, with monsoon 
seasf^n type B, the total numbe^r of patterns would be 31/ 
while it would be 49 with ty;:e C, 15 v/ith type D and 6 with 
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type E. 


This makes a total of 174 patterns as shovm below: 
type no. of patterns 


h. 

3 

C 

D 

E 


73 

31 

49 

15 


174 


The Statewise break-up of nuiitber of patterns consi-lering the 
entire year and on the basis of morTisoon types A to E is 
shown in Table 14.4. It is to be noted that some of the 
patterns are common to more than one State. The number of 
common patterns and the total net patterns are shown in the 
last two columns of the ijable. The complete list* of 
patterns with all-India Zone number is given in Appendix 
14.4 Statement VI . 


* Due to paucity or absenceof rainfall data, patterns 

do not cover most of the North Eastern States/Territory 
hill areas and scma of the other Union Territories; 
in most of the cases areas are also not large. 



Table 14.4 

Nunber of Rainfall Patterns in each 
-State and all-India 
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14.4.5 Reinfell maps: Th:; rainfall patterns 

ci^pict thi distribution of monthly rainfall in codod form for 
the entire year. Tho; 3 are shown in /.ppenfix 14.8/ Mao I. 

The decoded version of the patterns are given in the 
respective State tables in /.ppendix 14.4 .Statement I . 

14.4.6 h knowledge of the month of maxiiium rainfall (M) 
together with ( 0 ) totals of rainfall (Rf) and .rainy days (Rd) 
of two cons' 3 Cutive months - month of maximum and of 
preceding or following whi''hev.;r in high .-•r and (b) the 
number of consecutive months (n) with menth of c omm one ament (m) 
and totals of rainfall (Rf) and rainy days (Rd) of these 
months/ is heloful for an understanding of the cropping 
patterns/ etc. Those items of information are given for 

the taluks in the country as far as available in the 
respective State reports and are also shown in. . 

/*P'oendix 14 . 8 . (Map II). 



5 RAI\'FALL REGia-IS 


14 • 5*1 The numb'sr of rainfall zones into which the ccuntry 
is divided is 174. This number may not seem large for a 
country of India's size but for convaniance in handling and 
bringing out claarly areas with different number of 
co'.isecutive months of 10-20 cm pm/ 20-30 cm pm and 30 cm pm 
or more/ the various zones have been grouped into bigger units 
and designated as 'Regions' by introducing tv;o simple 
modifications in the rainfall code used earlier for drawing 
up the rainfall patterns. The first is to ccrobine Classes D 
and E for reasons mentioned below and replace them by only 
one symbol E to denote rainfall of less than 10 cm. In 
connection with general limiis of rainfall for different types 
of crops it has been indicated that rainfall of 5-10 cm per 
month for not less than three consecutive months would be 
helpful for crops which are low water requiring like moth, 
ephemeral grasses etc . It should/ however/ be remarked that 
for satisfactory growth of crops# rainfall should be closer 
to lo cm per month for at least three consecutive months. From 
this point of view/ keeping a class of 5-10 cm per month may 
not be satisfactoiy'-. Jhile information on this is available 
in the detailed rainfall patterns of the different States, in 
the case of Regions the limit of'5-10 cm pm is not shown 
separately but is combined in class less than 10 cm pm# 
denoting this by symbol E. Thus/ there will be only four 
classes in describing the patterns of distribution of the 
rainfall of Regions; a# B, C and E; A/B and C have the same 
meanings as before. If in a distribution of four months# 
two or three months ere of one class (say B) and one e stage 
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higher (A), the distribution is shown as belonging to the same 
class B for not less than three consecutive months and 
written as (B4/B3) . For example, A4, A3 Bl, A.3 Cl and A3 El 
are comabinadand shovm as Jn (A4/A3} to indicate that there 
are not less than three consecutive months of A type during 
June to September, Similarly, distributions A1 B3, Al B2 Cl, 
A1 B2 El, B4/ B3 Cl and B3 El are combined and written as 
Jn (B4/B3) and B1 C3, 31 G2 El, C3 El and C4 as Jn (C4/C3) . 

14.5.2 Using the above simplifactions, the number of 
rainfall patterns is only 62, The area covered by each of 
these ^^infall ^attorns (which includes one or more of the 
corresponding zones) is termed a Region, The country is thus 
divided into 62 Rainfall Regions and numbered 1 to 62, A few 
hill areas in the extreme east, Nagaland, Manipur, Arunachal 
Pradesh, Nilgiris and Uest Uttar Pradesh hills are not shown 
as data for the'^e areas are extremely spairse or absent. 
Rainfall Patterns for these areas on the basis of available 
data have bean shown separately earlier and coaid be referred 
to 33, needed. is similar for Andamans and Nicobors . 

and-Laksha Dwee? group of islands. The 62 Rainfall Regions 
are shown in Appendix 14 .lO^Map. 

14.5.3 Region I covers areas which do not get in any month 
even 10 cm rainfall. Regions 2 to 17 irjclude areas with 

one or more months during June to September of C type rainfal 
or higher and these are listed in inqree.sing order of rainfal 
distribution. Regions 18 to 22 have rainfall of 10 cm or 
more pm for one or mote months beginning with Cctober. The 
other regions 23 to 62 are arranged in increasing order of 
rainfall. Two statements showing list of regions together 
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with relevant particulars on rainfall patterns/ actual 
geograohical and gross cropped areas with percentages to 
all-India# number of taluks in each Region and their 
location in States; are detailed in 7*;roendix 14.5 Statements 
I and II Some of the main features of the Regions are 
discussed below:- 

.i) Regions 1 to 17 cov^r about thrao-fourths of 

the geographical (74 .^’/o) as well as gross crooped 
areas (77 .*1%) of the country. Region 1 has a gross 
cropoed area of 2.7 par cent of the total. The 
areaiof these R:igions extend from parts of -Isst 
Bengal to Jarrmu & Kashmir/ Pijnjab/ Rajasthan# 

Madhya Pradesh# Gujarat# Maharashtra# Karnataka 
and Midhra Pradesh, 

ii) Region 18 is small and covers a few taluks only# 
two in Karnataka and fou-r in Himachal Pradesh. 

This is the only Region where rainfall of 10-20 cm 
is confined only to Cbtober. Region 2 whose 
cropped area is 5 per cent of total has also only 
one month of 10-20 cm but this is July in northern 
areas and September in the Peninsula. Regions 19 
to 31 cover areas in the South Penins.ila 
ronching southern portions of Orissa, 

C or high.;r type of rainfall is for 2 to 3 months 
from October in Regions 19^ to 22, from September 
for 2 to 4 months in Regions 23 to 26 and for 
four months frOn August in Regions 27 to 29. In 
Regions 30 to 36, rainfall of C or higher type is 
mostly fronri June (in a few ceases from July) for four 
or five months. In Regions 65 to 62 which cover 
mainly /issarn and Kerala# rainfall of C or higher 
type is for 7 to 3 months from - May, April or 
March. In Regiois 38 to 40, 43# 46 and 50-53 there 
are two different periods during which rainfall is 
of. C or higher class, , 

.iii) For stTidy of crop stmeture# it is necessary to 

have for ready reference the distribution of rainfall 
according to calendar months, t'he coded form in 
Appendix 14.5 Statement I v'ould’not immediately 
meet this need. Besides# it is also necessary to 
know the month of commencement and number of 
consecutive months with rair;fa]j'l in different 
class intervals. ?uch information is contained 
in the rainfall pattern lists given in Appendix 
14.5 - Statement II, but is not<ieasy for freTuent 
handling. For this reason# the-irainfall distriixitions 
of the various Regions arranged according to 

I 
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cal jndar months are given below in (iv) . 

(iv) Rainfall Regions are arranged in eleven groa ns 
(I to KI) according to month of commencement of 
rainfall of 10 cm pm or higher and distributions 
of rainfall are shown in sequence of calendar 
months with following symbols: 



Ja January 

JI 

July 


F February 

7,u 

y\ugust 


MMa rc h 

S 

September 


;,p 7,pril 


0 

Cctober 


My May 


M 

Movembet 


Ja June 


. D 

December 

T 

Group 

Rainfall 

Rainfall pattern Gross cropped 

no. 

Region 



area tpsr cent 
of all-India) 

I 

1 

no month 
more 

/.'ith 

10 cm or 2.73 

II 

fainfall 

of 10 Cm 

pm or more for o:Te or two 


months during Jun 

e .to 

September only. 





no, of consecutive 
months 


2 

Ji/3 Cl 


1 5,04 


3 

Ji/Au C2 


1-2 3.94 


5 

Ji B1 Cl 


2 1.87 


• 5 

Ji 32 


2 0.92 


III rainfall of 10 cm pm or more for three or four 


months 

during June to 

September 

only. 



no. of consecutive 



months. 


4 

Jn tC‘x/C3) 

4/3 

16.90 

7 

Ji B2 Cl 

3 

8.72 

8 

Jn Cl B2 Cl 

4 

3.33 

9 

Jn (B4/33) 

4/3 

2.53 

10 

Jn (G". 7.1 C2) 

4 

0.39 

11 

Ji (Vk B1 Cl) 

3 

1.39 

12 

Jr^ (Cl hi B'l 

Cl) 4 

4 .07 

13 

Jk (7.2 Cl) 

3 

2.44 

14 

J*n Cl 7.2 Cl 

4 

3.50 

15 

J n Cl 7.2 B1 

4 

7.57 

16 

J*n El 7.2 31 

4 

7.15 

17 

C*n (:.4/7.3) 

4 

0.18 

cctober 




18 

0 Cl 

1 

0.09 

19 

O C2 

2 

1 .34 

20 

0 Cl B1 Cl 

3 

0.12 

21 

O B2 Cl 

3 

0.14 

22 

O 31 J.l 31 

3 

0.08 


IV 
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Group 

no. 


V 


VI 


VII 


VIII 


IX 


Region Rainfall 

no. pattern 


Number Gross 

of c ropped area 

consecutive par cent of 
months all-India 


Sept ambe r 


23 

S C2 

2 

■ 0.98 

24 

S C3 

3 

0.93 

25 

S Cl B2 

3 

0.10 

26 

S Cl 31 A1 Cl 

4 

0.17 

August 

27 

Au G4 

4 

1.86 

28 

Au C3 31 Cl 

5 

0.57 

29 

7.U C2 B1 A1 Cl 

6 

0.20 


June 

Five months from Juno or four from July 
(October 10-20 cm) 


30 

J n 

(C4/c; 

3) 

OCl 

4/5 

2 

.60 

31 

Jn 

(34/E3) 

OCl 

4/5 

0 

.88 

32 

J n 

Cl 

hi 

C3 


5 

0 

.17 

33 

J n 

Cl 

A1 

B1 

C2 

5 

0 

.10 

34 

Jn 

Cl 

A2 

31 

Cl 

5 

0 

.05 

35 

J n 

B1 

A 2 

31 

Cl 

5 

0 

.89 

36 

J n 

( a4/a; 

3)(Xi 

5 

0 

.71 

May • 

- 5 to 7 

consecutive months 



37 

My 

Cl 

J n 

(7v4/A3) 

5 

0 

.26 

41 

My 

C2 

31 

C3 


5 

0 

.03 

42 

My 

Cl 

31 

7-1 

31 C2 

6 

0 

.0 2 

44 

My 

Cl 

B1 

7.2 

31 Cl 

6 

2 

.59 

45 

My 

Cl 

Jn 

(7. 

4/A3) OCl6 

0 

.23 

47 

My 

C2 

ei 

C2 

32 

7 

0 

.04 

48 

My 

Cl 

S3 

Cl 


5 

1 

.37 

49 

My 

Cl 

J n 

( . 

4/7;. 3) OBI 

, Cl 









7 

0 

.27 

55 

My 

B1 

Jn(A4//.3)'-‘ 1 

Cl 









7 

0 

.77 

Aoril/March 








6 to 

8 c ons ac 

native 

months 




56 

l-o 

•Cl 

31 

7.1 

31 





C2 

31 

Cl 



8 

0 

.12 

57 

r.o 

Cl 

31 

Cl 

7-2 31 

6 

0 

.20 

58 

7.p 

Cl 

31 

Jn 

(7.4/.A3) 





OCl 




7 

0 

. 65 

59 

Ad 

Cl 

31 

Jn 

(A4/A3) 





OAIBI 




8 

0 

.59 

60 

Ap 

Cl 

7.1 

Jn{A4/A3)0Cl 









7 

1 

• 14 

61 

Ma 

Cl 

31 

Al 

31 7.1 





B1 

hi 

32 

Cl 


8 

0 

.23 

62 

Ma 

Cl 

A1 

Jn(:.4)0Cl 










8. 

<5 

• 'L-t> 
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Group 

no. 


X 


XI 


Region 

no. 


Rainfall Number Gro?s 

pattern of cropped 


consecutive- area 
months per cent of 



Two 

Seasons 





0.08 

38 

My 

Cl 

- 0 Cl 


39 

My 

Cl 

- 3 C2 


0,65 

40 

My 
O'a 

Cl 

- 7*U 

C3 


0.50 

43 

C2 

-J1 / 

*2 Cl 

0.04 

46 

Ja 

C2 

- J1 

B1 

C2 

0.0 2 

50 

Ja 

C3 

- J1 

C2 


0 .0 5 

51 

Ja 

C3 

- J1 

B2 

Cl 

0 .02 

52 

Ja 

C3 

- J1 

U2 

Cl 

0 .03 

53 

J a 

C3 

- Jn 

Cl 

K2 B1 Cl 

0 .07 

54 

Ja 

C4 




0.12 


(v) Regions which have the same class or type of rainfall 
for 3 or 4 consacutive months during June to 
September* 

Region Rainfall gross States 

no pattern cropped 


area 

(per cent 
of all- 



Jn (C4/C3) 

4 Jn(C4/C3) 16,8 Himachal Pradesl 

Pu nj ab / Ha ryana, 
Rajasthan, Utta: 
Pradesh, Mr?, dhy a 
Pradesh, Gujara- 
Maharashtra, 
Karnataka, 
/.ndhra Pradesh* 


30 

Jn (C4/C3) CEl 

2.6 

/.ndhra Pradesh, 
Karnataka, Oris 
Himac hal Pradesl 


Total for Jn (C4/C3) 

19 .4 


Jn 

(34/33) 



9 

Jn (B4/B3) 

2.5 

7kndhra Pradesh, 
Jttar Pradesh, 
Bihar. 

31 

Jn (B4/33)0C1 

0.88 

Andhra Pradesh, 
Orissa. 

42 

My Cl Jn(34/B3) "Cl 

0.02 

7kSsam 

43 

My Cl Jn(B4/B3) 

1.38 

West Bengal 
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on Rainfall 

pattern 

gross 
c ropped 
area 

(par cent 
of all- 
India) 

States 

61 Ma Cl B1 hi Jn(B4/B3)0Ci 0.02 

Total for Jan (B4/B3) 4.8 

Jan (A4/A3) 

Assajn, West 
Bengal 

17 

Jn (A4A3) 

0.2 

Gu j arat, 
Maharashtra 

36 

Jan (7.4/A3) OCl 

0.75 

Karnataka, 
Maharashtra, 
Orissa. 

37 

My Cl Jn (A4/^3) 

0.26 

Bihar 

45 

My Cl Jn(A4/A3) Ocl 

0.23 

Karnataka 

49 

My Cl Jn (A4/\4) OBICI 

0.27 

Karnataka, 
Kerala. 

55 

My B1 Jn(A4/A3) 

0.75 

Kerala 

58 

AP Cl B1 Jn(A4/A3) Q?aBl 

0.60 

Kerala 

59 

7.P Cl B1 Jn (A4/.A3) OCl 

0.67 

Assam, West 
Bengal 

60 

7.P Cl A1 Jn (A4/A3)Oei 

1.14 

/Assam, West 
Bengal 

62 

Ma Cl A2 Jn(A4/A3) OCl 

0,23 

Assam 


Total Jn (A4/7*3) 5.1 


14.5.4 The total crooped area under Jn (C4/C3) / Jn (B4/B3) 
and Jn (A4/A3) is 29.3 per cent of the gross cropped area of 
the country. It may be seen that Jn(7i4/7.3) patterns 
which number ten are having areas only in Kerala, 

Karnataka, Maharashtra, Gujarat (all in the West Coast 
and neighbourhood) and in Assam and Sub-Himalayan West 
Bengal areas; these account for only 5.1 per cent of the 
cropped area of the country. Jn (B4/B3) patterns cover 
areas in /issam. West Bengal, Andhra Pradesh, Bihar, Uttar 
Pradesh and Orissa and their total area is 4.8 per cent. 
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In (C4/C3) hcis only tv;o patterns but covers a vast area, 

19,4 per cent of the gross cropped aroa of the country, 

14,5,5 Mnp of RninfalL Regions: Aooondix 14,8 (Map III) 
shows the rainfall Regions of tho country. The rainfall pattern 
of each of the Regions is also entered in the Map. 
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6 CROPPING PATTJEI^S 

14,6,1 The area® under different crops during the two decades 
frcn 1950-51 to 1970-71 are shown in fable 14,5; 

Table 14„6: 

All-India Arsa^ under Principal 
Crops as per cent of §ross Total 
Cr^'pped /vrea 


Crops 1950-51 

1955-56 

1960-61 

1965-66 

1968-69 

1969-70 

1970-71 

rice 

23.6 

21,5 

22.3 

22,8 

22.5 

22.8 

22.3 

wheat 

7.6 

8.6 

S,.5 

8.1 

9.8 

10.2 

10.8 

Jowar 

11.8 

11,8 

12. 1 

11,3 

11.0 

10,4 

10.2 

all cereals 

61,1 

59.5 

60.2 

59.3 

61.0 

61.0 

60.7 

gram 

5,9 

6.7 

6..1 

5,2 

4.2 

4. 7 

4.7 

all pulses 

15.6 

16,0 

15.5 

14.7 

13.7 

14.0 

13.7 

total 








foodgrains 

76.7 

75.5 

75,7 

74,0 

74.7 

75.0 

74.4 

sugarcane 

1,5 

1.3 

1,6 

1.3 

1.6 

1.7 

1.6 

C'ndiments 








and spices 

0.9 

1,0 

1.0 

1.0 

1.0 

1.0 

1.1 

fruits 

0.5 

0,6 

0.7 

0,9 

0.9 

0.8 

0.9 

potatoes 

0,1 

0.2 

0.2 

0.3 

0.3 

0,3 

0.3 

vegetables 

1.1 

0,9 

1.0 

1,2 

1.4 

1,3 

1.3 

grc undnut 

3.3 

3.6 

4,2 

6.0 

4.6 

4.3 

4.5 

totnl' oilsecdo 8..3 

8.1 

8,4 

9,1 

8,7 

8.4 

8.8 

cotton 

4.3 

5,7 

5.0 

5,1 

4,7 

4. 8 

4.7 

0 ute 

0,4 

O.b 

0,4 

0.5 

0,3 

0.5 

0,4 

other crops 

6.3 

6.4 

6.2 

6.4 

6.7 

6.5 

6.8 

gross cropped 
area^ha^ 131.9 147 „ 3 

152.8 

155.4 

159.7 

163.8 

167.4 


area soTAm 
more than 


^nc e (Kfh^ 

13.1 18.1 

19.6 

19.1 

22.1 

25.1 26.2 

net sov/n 

area ^ha) 

118.8 129.2 

133.2 

136.3 

137.6 

138.7 141.2 
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Gross cropped area has shown steady rise from 153 Mha in 1960-61 
to 167 Mha in 1970-71. Hie overall percentage area under 
foodgrains declined from around 76 per cent of gross cropped 
area in 1950-51 to about 74 per cent in 1970-71. Share of crops 
like jowar, gram and all pulses has also shown some decline in 
per cent area. Area under wheat has on the other hand Increased 
from 7.6 per cent in 1950-51 to 8.5 and 10.8 per cent in 
1960-61 and 1970-71 respectively. Area under cotton remained 
steady at between 4.7 and 4.8 per cent during 1968-69 to 1970-71 
There has been a slight decrease in the area under groundnut. 
Appendix 14.6 Statement I gives Statewise cropping patterns 
during 1969-70 and 1970-71. f'lain crops of each State which 
among themselves cover about 70 per cent or more of the gross 
cropped area of the State are listed below: 


State 

Principal crops* 

Code form 



Assam 

Pd 7 

1 


Pd 

1 




West Bengal 

Pd 7 

1 


Pd 

1 




Orissa 

Pd54 

: Pu9 

Fr5 

Pd 

2 Pu4 

Fr5 


Bihar 

Pd49 

' WIO 

Pull 

Pd2 

: W4 

Pu4 


Madhya Pradesh 

Pd21 

, W17 

Jll Mt8 Pu9 G8 

Pd4 W4 

J4 

Mt5 

1 Pu5 G5 

Uttar Pradesh 

W2 4 

Pdl9 

GIO M7 Pu5 S6 

VJ4 

Pd4 

G4 

M4 

Pu4 S5 

Himachal Pradesh 

W36 

me 

Pd 11 

W3 

143 

Pd4 



Jammu & Kashmir 

M30 

Pd 29 Wll 

143 

Pd4 

VJ4 



Punjab 

W39 

FI 4 

MIO C7 Pd7 G7 

W3 

F4 

M4 

Pd5/G5/C5 

Haryana 

W21 

B19 

G22 Pd5 J5 

W4 

G4 

B4 

Pd5 

J5 

Rajasthan 

B30 

m G9 F4 J8 

B3 

W4 

G4 

F4 J5 

Gujarat 

B20 

J13 

Gn 17 C17 Pd5 

B4 

Gn4 

C4 

J4 

Pd5 

Maharashtra 

J28 

Bll 

Cl 4 Pu9 F6 

J4 

C4 

B4 

Pu4 

F5 


Note J denotes jowar 

* The subscripts against crops represent percentage of area 
under the crop to the gross cropped area in the State* 
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Karnataka J21 Pdll R9 Pn9 J4 Pd4 R4 Pu4 Gnd C4 

Gn9 CIO 36 

Andhra Pradesh Pd26 J20 Gnll Pd4 J4 Gnd Pud Mt6/05/B5 

Pu9 I'lte 05 35 

Taall Nadu Pi35 Jll Gnl3 Pd3 J4/Ht5 35/Pu5 Gn4 

Mt7 Pu5 37 

Kerala L45 Pd30 L3 Pd3 

14.6.2 The croi^^lng structure of the country has been 
analysed using taluk as unit of area. The method followed 
for identifying the cropping patterns is explained in 
Section 2, As a first step, the existing cropping patterns 
of the States were studied. As these hive boon considorod in 
detail in the respective State Reports, we have listed thein 
here for ready reference in Ax?pendix 14,6 Statement III . 

The frequency of cropping patterns beginning with each 

crop (Pd, Jk, Jr, 3 etc) is given in Appendix 14.6 Statement 
IV , These provide certain basic details of cropping 
patterns. The cropi ing patterns for the whole country are 
sh'^wn in Appendix 14,8 (Map IV), 

Cropping Patterns of Regions 

14.6.3 As explained in Section 6, the ccontry is divided 
into sixty two (62) rainf ill Regions arr.anged under eleven 
groups I to XI. The crop distribution in taluks included 
in each of the Regions hos been analysed and the cropping 
patterns of the various Regions drawn up. The cropping 
patterns in each of the Regions is discussed in sequential 
order cf Groups I to XI. For each Region, the distribution 
'^f rainfall anl list >f cropping patterns are indicated 
together with a brief account of the yield levels of the 
main crops. The discussion concludes with remarks on the 
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suitability cf s gro-./n in tha Region anl incluies 

sugg 3 sti''ns f'^r i-i] rev orient '■■f ’ rc luction as also for growing 

alternate croi, s, lasic inf''raatir.n on the following iteas .hDve been 

inclu le l for each Regi'^n in ii l en.lix 14,6 .[•State.'nent V : 

i) taluks with nines of Ustricr.s anrl States in 
which thiy are locate!; « • 

ii) CT'^ii'ing patterns of talulcs inclurled in each of 
the States in the Region; 

iii) gocgrai hie al and gross crcpijed areas; 

Iv) rainfall zone nuaibers v,f st.ites inclulel in 
each Re;:l( n; ani . 

v) district irrigated areas, 

14-.6.4 The crej i Ing i at terns •'>f Regions'^* 1 to 62 are 

discusse.l in the or .ler listed belows 

Group Region Renarks 

I 1 Ho month with rainfall of 10 cm or, nore 

II 2,3,5,6 5 Rainfall c f at least C Hyxe (10-20 cm) in 

5 one month during i'une to September 

III 4,7 to 17 5 

IV 18 to 22 Rainy mr-nth c'f 10 cm or more beginning 

Oct bar 


V 23 to 26 Rainy m- nth of 10 cm or ra re beginning 

September 


VI 

27 to 29 

Rainy m-nth o 
A^ogust 

f 10 cm or m-: 

ere beginning 

VII 

30 to 36 

Rainy season 

for 4 months 

from July or 5 



m'-nths fr- a June; Oct-ber 

is 10 --20 cm 

VIII 

37, 41,42, 

44,'^.47-49 
end 5o 

Rainy season 

fr.\a Hay fer 

5 or 6 months 

IX 

66 - 62 

Rainy season 

frooi ^pril or liarch 


* The minimum rainfall considered is 10 cm pm. 




Group 

X 


Rag ion 


Reinarks 
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Two Tiiny so isons* 

38 - 40 a) ono is Hay anl Soc '^nJ fro a August, 

So- toabor or Odtobor for 3^ 2 anl 
ono nionth(s) ras} activoly 

43,60,51,62, 

53,<16 b) froa January for two t'- thrao 

a^-nths anl fro^a June or July 

XI 54 Fro.-n January for 4 acnths 

Group: I: No month with rainfall cf 10 cm cr mere 

14.6,5 Region 1 - E4 (34) B4: There is only one Region 

in this group-. This is the region with lowest rainfall in the 

ccuntry. Rainfall of less than 10 cm per month is received . 

luring the monsoon. It crjvers an area of 135,309 sq km forming 

5 p er cent of the total gfingrrA reporting arca.'of:tbo country. 

The Hecion accounts for 2,7 percent of the all-India gross 

crop pel ..;rea s: real over five States. The share cf Rajasthan 

is 60 per cent anl thit cf Punjab and Haryana together 36 

per cent. Areas in Himachal Pradesh and Jammu & Kashmir are 

negligible, While in the areas in Punjab and Haryana, 

rainfall '•'■f 6-10 cm p.m occurs for three months from July to 

Sei tember,ln the areas in Rajasthan it occurs in •- nly two 

■a nths i.e. July and August. In Ladalch area of Jammu & Kashmir, 

r .'I lf ••.11 is not mor-3 than 5 cm in any month. In the rest of 

til l: St.it.j,rainfall is 5-10 cm pm in July and AiJgust as well 

■as ‘-irini J anu-ary to Hay, 

The crepiing patterns -'f the region are listed below; 
i) Pd2 .14 

• ii) P.d3 HI O-i/V'4 Fr4 
31 

iv) 32 Fu3 


14 . 0.6 
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.v) 33 Pu3 

vl) :it3 ;4 Pu4/Ba4 
vll) Pu2 33 

vili) Pti3B3 / F3 
'ix) C4 ^4 F4/G4 
.X) G3 34 04 
.Xi) G4 -fl 34 04 
xil) W4 04 F4./G4 
xlii) '/3 F4 G4 C'1/04 
'xiv) 3a2 Fu4/’;4 
xv) 3a3 Mt4 W4 

Crop pattarrvJwhich incluGa gran crvar tha largest area (35 por 
cant) an 1 the i attarns with ba;Jra, whaat ani other pulses cover 
16 to 18 per cant of the gross crop i el area in the regicn. 

Cotton pattarn cccupies 10 per cent of the gross cropped araa. 
14.6,7 Bajra is the donlnant crop of the region with 23 per 
cent area followed by grain, fodder, wheat, and other pulses 
each in the range of 12 to 15 per cent. Considered statewise, 
bajra is the dc-ninant cr-p in Rajasthan covering nearly a third 
cf total cropped area followed by other pulses (21 per cent), 
fodder (12 per cent), gram (12 per cent) and wheat (6 per cent). 
In Haryana, area under gran is 31 per cent, bajra 18 per cent, 
wheat 16 per cent and cctt^-n 13 per cent of gross crrpped area. 
In Punjab, wheat and c^'-tton are about 25 per cent and gram and 
f'^dder 15 ■ er cent each. Paddy covers 40 per cent in Jammu & 
Kash-iir, •’.aize and ther oilseeds 20 and 10 per cent 
resi ectively, and wheat and small ^nillets 6 i er cent each. 
Irrigation facilities are good in the districts rf Punjab and 
Hiryuna anl Jammu ± Kash.iir and in Ganganagar district of 
3.^astr.ui. Yields of i ally are go; d and it is mostly grown 
immiar irrigation in Srinagar and Anantnag districts of 
Jammu u Kashmir, Cott n and wheat are als'^' grown under 
irrigated c^iiditions giving high yields. 



14.6.8 Hainfall by Itself is totally insufficient fr gr wing 
CT'; s other than .-nillets, '.Vhile RYI of rainfed err 7 of bajra 

in the districts of Ra;jasthan is lc.w varying fren 23 to 45, 

it varies from 137 to 261 in various districts of Punjab and 

Haryana where the crop is irrigated. The RYI of wheat, grain, 

ore 

cotton and j, addy/also well above the all India average going 

irrigotion 

beyond even 30C) per. cont -whare the crops are'grown with full/ 
support. Where wheat is grown only under rainfed conditions, 
the RYI is as low as 43, RYI of maize ranges from 65 and 70 
in Jammu & Kashmir State where it is taken as a rainfed crop. 

14.6.9 This region gets lowest rainfall in the country, 

Growing of arable crops will therefore have to bo confined 

to low lying areas with good retentive soils. This can be done 
only after adopting appropriate soil conservation measures 
and water harvesting and other suitable agronomic jractlces. 

It is advisable to divert the areas from arable crops to forage 
anP economic tree crops as sole crops or in mixture, Itore 
research and extension efforts will have to be put in with 
this objective in view. 


Groui. II: Rainfall of 10 cm pm cr mere fer one or 
t'jo months during June to September 

14,6.10 Regions- 2, 3, 5 and 6 : This group Includes for 

regions with 10 cm pm or more of rainfall during one or two of tho 

■'lonsoon months, June to September, as indicated below; 

Region Rainfall pattern Rainfall types lia _ 

June July .pugust September 

2 3 4 (01 as) 34 S C B B 


3 

5 

6 


34 


(1 

(02 

IT 


32) 34 


34 (31 01 32) 3 
E4 (32 32) 34 


B 


3 





J 



3 


1 

J 



V 


3 



3 

3 





204 


14.6.11 Region 2 - M (31 33) 345 This region includes 85 
taluks fro:'i Gujarat, Maharashtra, Andhra Pradesh and Karnataka 
with a cropped area of 5 per cant of the total cropiad area in 
the country. Only during July in the north or iiepteinber in the 
south, 10 cm rainfall is received. Rainfall during remaining 
three months is mostly 5-10 c=a pm. In the sout^.err> States rainfall 
is also 5-10 cm during October, 

14.6.12 The 23 cropping patterns of the region are listed 
belowx 

i) Jk3 Gn4- Mt4 Pd5 

ii) Jk4 Gn4 Mt4 Pu4/Pd4 Jr4/C4 Pu4/C4 R4 

iii) Jk4 Mt4 34 Gn4/Pu4 04 

iv) 31 

v) 32 Jk4/Jr4/Pu4 
Vi) 33 Gn3 

vii) 33 Jk4 Pu4/Gn4/Jr4 Gn4/F4 Pu4/F4 34 

viii) 34 Jk4 Gn4 M Pu4 

ix) '.^4 Gn4 Jk4 

x) Pu4 F4 Jk^V 34 

xi) Pu4, Gn4 Mt4 ;;4 Jk4 04 
xli) Gn2 3‘V Jk4 
xiii.) Gn3 33 / Jk4 
xiv) 3a3 Jk4 Pu4 / 04 / To4 34 
x'/) Gn4 34 (F4 Pu4)^CE Jk4)/(Jr4 04)/(Jr4 Jk4) 
rrl) Gn4 Jk4 O-i Mt4 Pu4 
xv'ii) 03 Gn4 JkV •/4/Jr4 W Jr4 Jk4 
xv'iii; 03 Jr4 Pd4 / Mt4 

xix) 04 Jk4 Gn4 Mt4/Pd4/Jr4/W4/ J4 B4 

xx) 04 Sk-\ Jr4 34/Gn6/34 Ht4 

xxi) Jrl 

. xxil) Jr2 34/ Pu4 

xxiii) Jr3 33 / 04 / Gn4 / 04 Jk4/ 04 W4 

Rabi jovar patterns cover a third of the cropped area, groundnut 
an; cotton patterns 18 per cent each,bajra patterns 15 per cent 
a:- ' ' harif jovr.ir T.attjrns 12 per cent. Pulses and minor 
^ t-'-.r:.:’ also occ’UP in the region, 

: ■ , rh-> tTI val ves of main crot s of the region are as 



Relative Yield Index (percentage of all India) 
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14 .6.14 Reasons for low yields of bajra and rabi ;iowar in the 
districts of liaharashtra, those of cotton in iindhra Pradesh and 
Karnataka need to be studied with a view to take urgent measures 
either to increase the yields of these crops or for substituting 
them with more suitable crops. 

14.6.15 Region 3 - 34 (G2 B2) 34* This is one of the larger 
regions and includes 136 taluks in seven states from Himachal 
Pradesh and Punjab in the north to indhra Pradesh in the south 
and acco’mits for 8.9 per cent of the gross cropped area of the 
co'Jntry. The largest area of the region is in Rajasthan. Areas 
in Andhra Pradesh and Himachal Pradesh are relatively smaller. 
There are only two months of 10-20 cm pm of rainfall and these 
are July and A’^gi^st in Gujarat and the northern areas, August 
and September in Andhra Pradesh and June and September in 
Maharashtra, la the remaining two months, rainfall ranges from 
5-10 cm pm (except in Punjab and Haryana,where this much 
rainfall is received only in Sep^tember, In Maharashtra, during 
October also there is 5-10 cm of rainfall and in Andhra Pradedi 
both October and November record 5-10 cm pm, Himachal Pradesh 
gets 5-10 cm pm of rainfall from January to 14arch and 5-10 cm pm 
or hj.gher from June to October. 

14.6.16 Thirty cropping patterns have been identified in this 

H^pion as indicated below* 

i) Pd3 Gn4 Jk4 

ii) :i2 Pui 

iii) .13 Pu4 Gndc/04 

iv) m G4 3a4 Pu4/Jk4/Pu4 05/W4 05 

v) I-I3 3a4 Jk4 34/(04 Gn4) 

Vi) m 3a4 P4 '.‘/4 DVJk4 . 
vii) Jk3 34 m 
vili) Jk3 Gn4 S4/S4 To4 
lx) Jk'l M4 G4 
04 34 
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x) 31 

xl) 32 PU4/F4/D4/G4 

xil) 33 Pu3/Pu4/Pu4 G4/.^^ F4/Pu4 W4/F4 0‘VF4 Jk4/ 

Jk4 04/G3 

xlii) 33 Jk4 F4/Gn4/C4 
xiv) 33 an4 G4 
XV ) 33 Pd4 Pu4 /R4 

xvi) 34 Jk4 04 Q4 

’"'jS 05 

xvii) B4 aa4 G4 (W4 Pu5 ^ 

Jk4 04) 

xvlii) 33 Jr3 /W4 
xix ) 34 Jr4 Gn4 Jk4 

xx) Pu3 33 
xxl) 04 Pu4 F4 V4 
xxii) Gn3 Jk4 pu4/S'a/;4t4 
xxili) G-1 W4 34/34 S4/B4 Jk4 
xxiv) m G4 Pd4/Pd4 B4/Pd4 Jk4/Jk4 34/Jk4 S4 
XXV ) 'V3 F4 PdVi44/G4/34 64 GVWCVCd 114 

xxvi) 73 114 Pd4 
xxvii) '73 Mt4 Pd4 
xxvllJL) 73 i4t4 3a4 Pt4 
xxlx) Jr2 34 

XXX) Jr3 33/.:34 S.V34 ’n patterns, 

It Is interesting to note that although there are 30 cro‘piping• 
bajra is grown over half and wheat over 27 per cent of the 
gross cropped area in the region. Though gram occurs in one 
pattern area covered hy it is 9 .per cent. Thus, the patterns 
including these three crops cover'85 per cent of the gross 
cropped area of the region, 3ajra has the largest area in 
three of the States including Rajasthan and is thus the major 


croj- of the region. Maize is confined to Udaipur and 
3hll'.;-.ra districts, -/heat, the second most important crop of 
the region is largely confined to northern States, Although 

is no latter.'.! beginning with fodder, it is a significant 
cro; in the northern States, Paddy area is extremely limited 
and it is one of the significant crops in wheat patterns of 
PuLijab (73 Pd4 Mi/Fd etc,) and in Andhra Pradesh, 

14.6.17 '/ith only two months of 10-20 cm pm rainfall and 
with high variability of monthly rainfall, the crops that can be 



<e>% 

grown are :;iostly rJ-llets, ^en for aillets tl?e rainfall 
distribution is not entirely adequate which is perhaps the 
reason for the areas under jowar being llraited. In Rajasthan, 
cropping patterns .nostly include bajra and other pulses; maize 
over a small area in Udaipur, Ihllwara and Ajmer districts. 

In Udaipur the area under maize is 40 to 5o per cent of the 
gross cropped area. 

14.6.18 In Punjab and Haryana, yields of gram are generally 
high at 131 per cent of the all India level. Wheat yield is of 
the order of 1.6 times of the all India yield and this crop is 
almost entirely irrigated. In Gujarat, bajra and cotton yields 
are very good, the State averages being about 160 per cent of 
the all India yields. Hajra yield in Rajasthan is generally 
low being less than 50 per cent of the all -India level though 
in a few districts the yields are higher and aliaost equal 

the latter. The RYI of maize yield is 89 per cent of all-India 
in Udaipur and 73 per cent in Bhilwara. 3ajra yields in 
Maharashtra are generally low. In Sangli and Kolhapur, it Jas 
only a third of the all -India level and in .ihmedanagar and 
lat iT'-a 66 per cent. Jowar yields are also low ^the RYI 
oeing -around -50 to 70 per cent. In Satara and Kolhapur, howeM«i 
yields equal the all India level . 

14.6.19 Excepting Gujarat, the yield levels of crops without 
irrigation are on the low side, some of them being less than 

50 per cent of all India in the case of bajra. It is, therefo^E 
very necessary to remedy the situation either by substitution 
with moro s'-iitable crops or by improving the yield levels 
of existing crops by developing and adopting better varieties 
or agronomic practices including water management techniques. 



14,6,20 Region 6 - '34 (Bl Cl R2) M - The region accounts 
for 1,9 per cent of the all-India gross cropped areaj 86 per 
cent of it lies in Gujarat and balance 16 per cent in Rajasthan, 
Rainfall distribution is 20-30 ca in July, 10-20 cti in August 
and 6-10 ca in June and September. The region has fifteen 
cropping patterns of which five are of groundnut, four of 
naize and three of bajra. Fifty one per cent of the cropped 
area of the region is covered by groundnut patterns and 23 
per cent by bajra. There is only one cotton pattern (02 Jk4/34) 
and has subscript 2 indicating 60 to 70 per cent area but this 
covers 14 per cant of the region. I’iaize is grown mainly in 
Udaipur and Sirohl districts but the area covered by maize 
patterns is only 8 per cent. Fodder is a significant crop with 
a total area of about 4 per cent. Oilseeds and pulses, other 
than gram and tur, are also spread over significant areas, 
Gro’jndnut is a najor crop in Gujarat and maize in Udaipur and 
5irohi districts of Rajasthan. 

1-.6.?1 dhe cropping patterns in this Region are listed belowt 
i) 11 

ii) .12 3a4 /4/;5 iit5/:]5 05 
iii) 13 Jl4fd4/'-/4 04 
.Iv) 13 /4 ru4 04 

v) 33 G:iVGn4 F4/Gn4 S4/Gn4/Jk4/Gn4/04 
Vi) 34 Pu4 04 W4/F4//It4 

vii) 34 Jk4 </4 04 /Gn4/c4/06 Pu5 

viii) E3 04 M4 

ix) F4 04 .14 34 
x) Gnl 

xi) Gn2 Jk4/34/C4/J4 
xil) Gn3 Jk4 34/C4 
xiii) an3 34 F4/G4/Jr4/Jk4 
xlv) Gn l Jr4 F4 04/34 
XV) d2 Jk-V34 

11,6,22 Iromdnut yields in Gujarat show large variation 
the Hll Tinging from 4-'': per cent in Surendranagar district 
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to 137 par cent in Junagadh. RYI of all crops grown in this 
Region in many districts vary from 7C to 80 per cent, RYI of 
maize in UdaiTD'Jr is 89 per cent and in Sirohi 85 per cent, 
lajra yields in lujarat are mostly higher th.an the all-India 
level. There is scope for improving the yield levels of maize 
and bajra in Rajasthan districts by adopting better water 
management and agrono.nic practices and by substituting 
groundnut in Surendranagar district of Gujarat with sunflower, 
14.6.23 • Region 6 - 34(32 32)34 - Phis is a small region 
co-iprising 0.9 per cent of the co'antry's gross cropped area. 
Seventy per cent of the total area of the region is in Rajasthan 
and the rest in Gujarat but for one taluk in Jammu <k Kashmir, 
July and a’lgust are the rainiest months with 20-30 cm pm. June 
gets 5 cm mi Svsptember about 10 cm. 

The cropping patterns of the region are as follows: 


i > 


■;-i Badr/da-l 04/.lt4 34 

in 


1 ^: 0* ’!V'k4/j::4 F4 

iii) 

• 

./4 Jl:4 ( )whln4) 

; A-dt 

-.'-i-1 Jo/J k4) 

iv) 

33 

F4 Jk4/Jn4 15 ntS 

■') 

34 

Ini .M G4/I4 Jk4/3a4 

V 1 1 


14 74/'74 (3a-i/.I4) 

vii) 

•/3 

i3 

viii) 

» A 

J' T 

34 44 Gn4 3a4 


laizo, eijr a, jo'^ar and wheat are the main crops. Patterns 
with 0 .jr.*, lalz.e aiU jowar (kharif) cover nearly equal areas 
and total to 95 per cent, '.'/heat patterns have a small area 
oi cant. R inf ill distribution is s’oitable for crops 

lih.a jo-./.r, cottc:. and gro'ir:dnut aTxd al'iost favourable for 
naize. Rainfill is in excess of what is generally needed for 
b ijra. '.'hizo is grovm n-.inly in Raj asth^in wiih RYI of 70 to 
80 per cent. About seventy per cant of tha wheat area in 
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RajasthiTi is irrigated but its KIl Is about 90 p-r cent. 

RYI of jovrir is low at about 70 par cent. In Gujar..t yields 
ire better, tbe RYI of bajra boing of 1'^ per cent, of 
.I'tize al.nost 100 per cent ani of wheat 116 per cent. The 
PiYI of jow-ar (kharif) is only 60 per cent, Cotbon in 
Rajasthan has RYI of 111 per cent though 65 per cent of the 
area und3r the crop is irrigated while with only 16 per 
cent irrigation in Gujarat^yield is 144 per cent. 


14.6.25 ;\lthough the crops groxm in the Hegion ed to 

the rainfall patterns, yield levels are low in Rajasthan 
districts. There is definitely good scope for inprovenent 

of productivity levels by ensuring adoption of improved 

varieties or hybrids and better agronomic practices. 

Group III:Rainfall for three consecutive months from July 
or four from June vdth 1^ cm pa or more. 

14.6.26 This Group has 12 regions with medium to heavy amounts 
of rainfall for three or four consecutive months from July 

or from June respoctiv >ly. Rainfall aiounts vary from Class 
C in Reoi.'ii 4 tr Class 3 in-.legions 7 to 12 anl class a in 
Regions 13 to 17. It can be seen that the Regions in this 


greu]' generally g.eb g'o, l rainfall from listributlon point of 
vi rv. It is, however, necessary tr- adjust the crops to suit 
the soil an 1 oth-r factors to got maximum yields. 


14.6.27 Reiivon 4 - ’34 (C4/G3.) E4; This is the bia^i'c-st roinfoll 



'n in t'r-c- c-ountry with its 
country's gr-oss crooosd :'r 
log 11 ten f.-etes f 


crcoo-jd iroo-boinc! 17 per cont of 
0 , It h-es 0 tot-1 of 287 toluks 
err, ek"' '■ind Andtr:' Predosh in 


' • r*' » 
. 1 . . • . -m .. 


ind himi'chol 


Pr-^desi' 


north. 


‘ n • o +* 


tiLuks ere in iJ-rhoroshtre 
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3^;: in ’■'ttar Pr^d':!sh, i: :ir csnt aroi crv3r3l in 3;tch .,t 

is as foll'ws: 

Stata ■Araa 

(as p ire ant of tha 
to talc ro T y a.i ar o a 
of tha ra.^ion) 


Andhra Praiash 18 

Karnataka- 8 

'.laharashtra 38 

lladhya Pradash 4 

GuJ arat 4 

Rajasthan 4 

Haryana 6 

Punj ab 4 

Himachal Pradesh Nog 

Uttar Prad-osh 12 


Tha region gets 10-20 ca I'a of rainfall for throe consecutivo 

months fr"'-! July r.r four c-nsecutiva months from Juno^ The 
' ■ ' ' . ■ one oro 

cror; ing patterns i lentifiod numbor 57^distributed mainly 

among millats, T a ld.y an i wheat. ’Thoso aro shown in paragraph 

14,6,30. The areas c''-vr 3 r -34 by the main crops are* 

Cr-r \! Jk Jr 3 C Pu • On Pd 0 

I 3V cent 14 11 r- 11' 11 9 6 6 5 

area . 

Gotten, rabi jowar, bajra, gram, grcunlnut and other pulses aro 
the main crops of Karnataka. Besi .-es these crops, kharif jowar, 
so ill fllllets and pad2y are iaportant in Andhra Pradesh, i addy 
bjing ala.st entirely irrig:;to.;. Jr.war (kharif an-i rabi), 

C'ttrn an.: b-.jra d--’ii.'i.ate in Maharashtra, In .-laohyd Fra:lesh, 





Ji''war (kharlf), cnttnn and iithar pulsas arc iaiortant. 3ajra 
is tha Qa;Jc.r err; in- Rajasthan and Haryana araas with wha.at 
an 1 'th ' r I’olsas bain^r rthar iiij r'rtant croj s.Wheat: is iior ? 
ia; rrtint in Haryana than in Rajasthan, '/heat ’minates in 
Punjab acccaiting fr'^a 30 tc 60 ror cant of the area, the 
cthor iarortant crers being gra^a, naize an.-l ’-addy. ^Vheat is 
the n.ajor cro; in Uttar Pra lesh also with graai and bajra as 
other significant crej s, ’fheat and aalze are the Tialn crops 
cf Hinachal Pradesh and fruits and raddy are other l.nportant 
crops. Thus, the region is iorainated by millets, cotton, 
wheat and other pulses. The first tw:* crops of the cropping 
p atterns in the port! .ns cf the .states included in the 
Region, are shown in Paragraph 14,6.31. 

14.6,28 Jowar (kharif) yields in the Region are around the 
all In Pi a level except in Gujarat where the RYI is 43 per cent, 
nainly because the cr-v is grown for fodder, Rabl jewar yield 
in ‘lahar.'ishtra, which has the largest area under this crop, 
is lower, ( 3X1 being 80 per cent) but in Karnataka and . 

AiiVnr.a Pradesh i-d-th large area,yl9lsds are close- to all India 
level - -r higher, Y1 jld. of naize In Maharashtra is low at 
72 per cent, Hajra is a maj-cr crop of the r-egion with yl-elds 
V-.rying botveen 30 t>. 15C per cent., the iovrest being in 
..-I J , at about-60 per cent, GuJ-arat, Haryana and 

Jtti.r Pralesh hav'i higher yielrls, Rabi yield in Karnataka which 
h-is the l.argest are-a is around the all-India level, '/heat in 
th-o irri/ate . areas f the n-^rth has high yields but in 
Ma .hya Pra .esh yiel.'i is low. The pc siti -n aoout cotton is 
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the sane. In areas whare the crop Is rainfel, as In the southern 
States, the HU Is only 40 to 6o l or cent, the excep tion being 
Sujarat where irrigation is hardily 15 i er cant but the ylell 
in lex is 144 per cent. Gr'^uninut in the Ragion has all India ! 
level f'f yioll, OtTa'Xi yields ara 40 to 6o par cant in tha south 
but good in the north. 

14.6.29 The rainfall Ustributlon of 10-20 c.ti pm for three or 
frur -nonths is suitable for millet croi s; bajra and small millets 
in tha lower ranges and jowar, cotton and groundnut in higher 
ranges i.e. with ab ut 20 cm pm. The crop strue ture of the 
region largely reflects this distribution except where it is 
modified with irrigation. Ir^pite of the fact that the crops 
gro'vn ap’ ear tc be suitable to the rainfall situation, the yields 
are low in case of almost all crops growtl in the region in 

.i'laharashtra, idadhpa Pradesh and Rajasthan which suggests the 
need f-r detailed analysis and suitable remedial measures with 
r 3 g.:*ri t; research as well as development efforts. This situatio: 
.US'-' h. 1’3 gof d for dn 'hri Pradesh and Karnataka with regard to 
gram an", ther cr'^j s, the yield levels of which are low. 

14.6.30 The crop’ing patterns in this region are listed below: 

?a.I ’y T atterns 

i) Pd3 Jk4 Gn4 
Jk4 04 

Jr4 M4 

i'I4 

F4 Y4 

ii) Pd3 R4 04 W4 

iii) Fd4 Pu4 JJvl Ci4V04 /an4^ 

Jr4 
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iv) Pd4 Jk4 (ki4CJr4/Pu4/Mt4) 

34 (04/Jr4) 

Jovar (kharif^ rattams 

1) Jk3 Gn4 C4/04/S4/B4/Jr4 (P14/Mt4/^d4':(:P4/Pu4) 
li) Jk3 04 Pu4/ Pu4 (34/Gn4)/04/:'It4 Jr5 
ill) Jk4 Pu4 (34 04)/ Gn4 T5 Jr6 

iv) Jk4 Pu4 04 v/4/B4/Gn4 (34/Jr4 /Jr4 T4/Gf^) 

v) Jk4 Pd4 (Jr4 04/V4)/Pu4 0VHt4/an4 Mt4/R4 0VG4 Mt4 
Vi) Jk 4 Gn4 34 Pud / Mt4/Pd4 

vii) Jk4 4n4 04 /4/(Pu4 34 144) 
vill) Jk4 Jr4 0-1 V4 

Ialz3 ratt orns 

1) 143 Pd4 Jk4 

il) i44 P;.4 Pu4 /Jk4 (04/R4) 

Ba.1ra L-itterns 

1) 31 

ii) 32 Pu4 

ill) 33 G3/G3 .•/4/G4 (Pu4/W4/04/3a4)/Pu4 Ba4 WC4 Gn4 
Iv) 33 ./4 Jk4/Jk4 C4/P4 (Gn6/05) 

v) 33 Pu4/Pu4 C4/PU4 04 04 / Pu4 Gn4 
Vi) 33 Jr3/Jr3 Pd4/Jr4 P.-!4/ Jr4 Pd6 

vii) 34 1/4 04 F4 

viil) 34 W4, G4 Jk4/04/F4/M4 Ba4 

lx) B-'i 74 Pu4 G<VBa4/Ba4 G4 / 04/F'l/Pa4 R4 

c" ttcn rat tar ns 

i) 02 Jk-i 

ii) 03 Jk3 / Jk4. (Pu4/’fl/Pd4) 

iii) 03 pi34 Jl' i/3-l/jr4/Gn4/Fr4 

iv) 03 Jr3/ Jr4 Mt4 

v) 01 Fv4 (Jk4 (B4/Gn4)/jr4(34/Gn4/04)/Gn4 34 
Vi) 01 ,Trl Jk4 GnV Qn4(Pu4/Ht4)/i4t4(Pd4/B4) 

vii) 01 Mt4 Jk4 Gn4 

Jr4 P:T4 

■ thar TUlsGs rattgrns 

i) P’j 3 Jk4 35 05 
li) PU4 Jr4 Jk4 CGn4 Td) / M4 Pd4 
Pul Jr4 Gn (Gn4/Jk4 ) 

04 (•4t4/34 1 
T4 35 

Pul .3-1 JkJl 

T^l 'Jr4/ M) 


ill) 



216 


grvn 1 -xtto rn 

i) G4 34 ''/4 04 / Jk4/Jk4(3a4/04) 
Ragl 1 attarn 


H3 .It4 Oi Pul P'-14 


gro Jti_\nut r attorns 

1) Qn3 33 34 Jk4 
li) Gnl At A Jkl Pu-4/Jr4 

fruits I'attjm 

i) Fr4 74 44 

1 . ' tato r attorn 

i) Pt3 74 :rx 


vhar.t 7 attarn s 


i) ‘-n Pi.4 HI / H4 F4/m OS / S4 B5 G5 

ii) 73 Ml Gn-l/Fl/Fl Gn4/Pt4 

iii) ’73 Gnl F4 

Iv) /3 G1 (;14 P44) /Ba4 Jkl F6 
V) /s G4 3a4 Pul/3a4 (JkVF5 PuS/PS) 

Vi) '73 B4 iI4/3a4(Pu4/H4 35) 

vii) n 34 04 Pi5 

viii) /4 3.1 G1 0-i/05/F\4(H4/Pu5)/Ba4 Pul Ml 

ix) 74 I-l Pul 34 (P l4/3a4) 

s i F4 
Gn5 

2 :... '. 22 . -^ttc^rns 


1) Jrl 
ii) Jr2 
iii) {Jra 
5 Jr3 
iv) J r3 
01 Tl 


T1/0--1/PU4/34 

34 

31 11/PU4 / 04/04 (Pul/OOO/cV /4 
I-.4 OI/OI/OVOI/ /4/Pul/P .14 Jkl/Gnl/ 
•1 / Gi J)^4 


V) Jr3 Gn.! P14/.It4/P14 -It!/34(T4/>1/04) 
Vi) Jr-.l 04 T'l/n Bl/CKPul/Gnl) 
vii) Jrl Gn4 Pul Itl /T4(Jk-l/01) 
viii) Jrl Pu4 PM/Pu4 G4/Jk4(Pa4/01) 
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Region 7 - E4(B2 Ci El) E4: 

14/3,33 This is one of the Mg regions which accounts for 

0.7 oer cent of total cropner- area of the country. It covers 

171 taluks in seven States from fiadhya Pra-’esh to Ja-nrnu & Kashnir, 


Uttar Pradesh has 

86 taluks 

and Rajasth 

an and Madhya Pradesh 37 

and 31 respectivel 

Punj a 

and Haryan 

c? together have IS 

taluks. Rainfall 

is fror.v J 

uly to September, Thirtveight 

cropping patterns 

have been 

identified 

which arc listed in 

paragraph 14,6,35, 

The are 

as covered b 

y the cropping patterns 

are as fo 1 lows : 




• Crop 

Mo. of 

Ko. of 

Per cent of total 


patterns 

taluks 

cropped area 

wheat (vV) 

'■ 13 

77 

50.8 

gram (Cj) 

5 

27 

16.4 

paddy (Pd) 

5 

13 

12.5 

jo'.'.'ar (J!:) 

w' 

18 ■ 

9.4 

maizo {lA) 

4 

16 

4.4 

bajra (B) 

A 

11 

3.7 

sugarcane (S) 

1 

2 

2.0 

barley (Ba) 

1 

1 

0.4 

foch'^er (F) 

1. 

- 1 

0.4 

total 

38 

171 100,0 

T'c;e t'aree major cr 

0 ‘''S of the region are 

vheat, gram and 


pfd'y v.tiose pattorns toget'-or occupy 80 per cent of the 


cropoed area. The other ir.nortant croos are jowar, bajra 
and maize. Fodder is of some significance, 'Vheat yields 
are highest in Punjab and haryana vdnere 80 to 85 per cent 


of the croo is irrigated 


Tvsfo-thirds of wheat crop in Uttar 
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Pradesh and Rajasthan are irrigated but the yield is the 
same as all- India averagef^ieId of vjhoat in Madhya Pradesh 
is low, less, than 60 per cent of the national average; 
only 15 per cent of the crop is irrigated in 'thp: State, In 
Udaipur, Oungarour, P-answara and Chittorgarh districts of 
Rajasthan, yield of maizo was only 88,61,61.^.ancJ 100 
per cent respectively of all-India; on the v/h’ole 
yields are belov/ c all India level. Yield of jov/ar in 
Madhya Pradesh is above all -India and in Rajasthan area 
close to all* India level, Bajra is largely concentrated 
in Lbaratpur and Sawai Ma-'hopur districts whose yields are 
135 to 145 per cent. In Uttar Pradesh,area under bajra 
is small but yields are a'-out 150 per cent. Gram is important 
in Uttar Pradesh with yield above all- India level, Paddy 
yields are ley;, only 70 per cent. 

14.5,34 In .spite of fairly good irrigation support the 
reason as to ,v-/hy wheat yields in Rajasthan and Uttar Pradesh 
sh-ould not be at almost the same level as in Punjab needs to 
be looked into. Similarly, examination is necessary with 
regard to maize in Rajasthan and paddy in Uttar Pradesh. 

The auestion as to what extent the yields of wheat grown 
U’-dor rainfed condition cou,ld be raised by providing irrigation 
suo ort re'uiros study. If it is not possible to provide 
irrigation support to wheat and raise its yields under 
rainfed conditions, it is worth considering as to why this 
area should not be diverted to safflower or such similar 
crops. Paddy yields cannot be high v/ithout irrigation 
supnort and, therefore, it may be advisable to divert paddy 
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area to maize or othor suitable crops after Drovl.’ino for 
proper drainage faciLitie.s, 

14.6,35 Cropping patterns in this region are as follov/s: 
i) Pd? V/3 

ii) Pd 3 V;4 B34 ?u 4 / r;4 /Pu5 

iii) Pd4 W4 Bab / fa- 34/ E:a4 T4 

iv) Pd4 ■.V4 34 S4 / Pub /Jk4 / :-..a4 Pu4 / Ba4 /Ba4 Jk4 

v) Pdf 1/4 ?a4 / ?u4 Jk4/?u4 M4 

vi) M3 itt4 ?g4 / m 

vii) M3 Vff :;a4 / '^a4 04/ 3^ P(’4 

viii) M4 ?d4 Mt^: 34 / W4 

ix) M4 JI'.4. 0:4 v;4 

x) Jk3 V/4 F4 / ?4/ ?u4 / 04 G4 / C4 / C4 F4 

xi) Jk3 Gn4 C4 / F4 C5 M5 


xii) Jk3 rO 04 ?u4 

xiii) Jk3 Pu4 F4 34 / M4 ,/3n4 


xiv) 

Jk4 '.74 F4 Gn4 

Pu4 

XV ) 

Jk4 i.'.4 Gn4 

/ ?u4 

XV i) 

/*'? 3'^- O ' 


. ... 


4 / 'T:/' 74 

iii) 

y.A ' ' ' 

/ 04 

. \ 

'' . •*/ » 

i/ : - V, i\ ' ■ 

;ir.4 


‘•1-. / -, ' .i '-r :'v 

4 

xxi) 

G4 0^’ Fu4 

/ r:4 A 4 /j::4 

• « \ 

A X Ji« / 

3f .7k ’- •’O'"! 

p'’4 /L’4 

xi.-i) 

34 Jk4 34 F4 

/ 04 

/ w .- / / 

34 ?;'4 Psd 34 

/ ' 34 / ’. 4 T 

x;:v) 

• a4 Pd4 .:4 7 4 

3u4 
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XXVi) m G4 Jk4 / Pd4 / Jk4 Pd4 / Jk4 04 
xxvii) W3 M4 Pd4 / F4 / F4 G4 / Ba4 / Pd4 Fr4 

XXV iii) W3 S4 F4 / Pd4 / M4 F4 / M4 3a4 / Pd4 F4 / Pd4 B4 

XX ix) V'4 Jk4 04 / F4 /G4 / F4 Mt4 Pu4 
XXX) V'/4 S4 F4 

xxxi) -Jd Pd4 S4 F4 /G4 /G4 K5 

XXX ii) W4 G4 B4 04 

XXXiii) Vj 4 M4 F4 G4 Gn4 

xxxiv) W4 Pd4 M4 G4 / Ua4 Jk5 / Ba5 S5 

XXXV) ^'74 Pd4 G4 S4 / Pu4 Jk4 / Gn4 Ba4 / Ba4 Jk4 / B4 

Jk4 / Jk5 S5 

XXXVi) W4 Pd4 M4 G4 B4 / Ba4^ Gn4 / SB / Jk4 / Jk5 
SB / B4 04 / Gn4 3a4 

xxxvii) V/4. M4 Pu4 Jk4 G4 

XXXViii) V/4 M4 B4 Gn4/5 

14,6.36. Region'S - E4 ( ^-G2 -) region has 3,3 

percent of total cropped area and includes 55 taluks spread 
over six States from Bihar, to Gujarat, Maharashtra and 
An-dhra Pradesh, Madhya Pradesh has the largest area, July 
and Auc'ust are the rainiest month.s in the region with 20-30 
cm pm and 10-20 cm pm in June and September. 

14,6,37 Tlic tv/entythree cropping patterns of the region are 
as f:, llo','.'S. Of these four are with paddy, five with jowar 
(khci’if) and three e'-'ch with cotton and wheat, 

i) Pd2 Pu4 / M4 

ii) ?d3 Pu4 / M4 (J!:4/Pu4) 

iii) PdS 3o4 Pu4 W4 / T4 

iv) Pd4 W4 Pu4 /M4 / M4 Pu4 / G4 (Ba4/S4) 

v) M3 Pd4 Gn4 / G4 / G4 Gn4 / Jk4 Mt4 / Jk4 C4 G4 



Vi) M4 Jk4 C4 F4 Mt4 

vii) Jk3 C3 

viii) Jk3 C4 Pu4 /F4 (V/4/G4) 

ix) Jk4 m Pu4 Gn4 C4/B4 

x) Jk4 C4 Jr4 Pu4/5 

xi) Jk4 W4 F4 G4/C4’ 

xii) f/!t4 Pu4 Jk4 B4/M4 

xiii) Pa3 Pld4 V/4/ M4/G4 

xiv) Pu4 Jk4 Jr4 C4 Gn5 05 
Xv) C3 Jk3 ■ 
xvi) C3 Jr4 To4 

• xvii) C4 Pu4 Gn4 , ,F4 Mt4 / m G4 
xviii) Jr4 Pu4 Pd4 / Jk4 /Gn4 
xix) B4 M4 Pd4 R4 
xx) W3 Jk4 G4 / G4 S4 
XX i) W4 Pd4 34 S4'/ Gn4 Ba4 
xxii) W4 G4 Jk4 F4 / Pu4 F4 
xxiii) F4 Jk4 W4 G4 

The main crops are paddy, wheat, jowar, cotton and maize. Gram 
and barley have significant areas in some of-the taluks. One 
pattern starts with fodder and another has tobacco as a 
constituent croo. The near absence of bajra may be noted; the 
bajra pattern covers only a single taluk, \'Vhile paddy with 
wheat and/or maize dominates Bihar and even littar Pradesh 
patterns, it gives place largely to millet and cotton in 
the rest of the region excepting for some paddy in Andhra 
Pradesh which is entirely irrigated. Rabi jowar is prominent 
in Andhra Pradesh, Rainfall distribution is not suitable 
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for growing paddy but yet it has large areas in Bihar and 
Uttar Pradesh and to some extent even in Madhya Pradesh, 

Paddy in Andhra Pradesh is almost entirely irrigated. The 
paddy yield levels are low except where the crop is irrigated 
and the same is true of wheat also, 

14.6.38 The region is endov/ed with good rainfall. There is 
no reason why the yield level should not improve. Growing 

of paddy and wheat where the yield levels are low without 
irrigation does not appear to be advisable. Either irrigation 
facilities should be developed wherever possible or areas 
should ’"e diverted to other appropriate crops after study, 

14.6.39 Region 9 - E4 (B4/B3 tv) E4 : The cropped area 
is 2,5 per cent of total and includes areas in P;Lhar, Uttar 
Pradesh and Andhra. Pradesh, Rainfall is 20-30 cm pm for three 
months from July or for four from June, There is uniformity 
in distribution of rainfall, Andhra Pradesh area is only 

5 per cent but Uttar Pradesh covers half of the region, 

14.6.40 Nine cropping patterns can be identified in the 
region, which are paddy oriented; and these cover 85 per 
cent of the area. The following are the cropping patterns 
of tho Region: 

i) Pd2 Pu4 /W4 /M4 

• ii) Pd3 W4 / ’vV4 / G4 / Ba4 / Pu4 / Pu4 r)a4 / Pu4 Ba4 
S4 / M4 S4/M4 Pu4 

iii) Pd3 Pu4 Ba4 / Ba4 M4 

iv) Pd3 Jr4 54 / Pu4 

v) Pd4 vV4 Ba4 Mt4 / M4 Pu4 / (Pu4 G4/5) 

vi) M3 V/4 Pd4 / Pu4 

vii) Ba4 W4 M4 Pd4 



/-s/^ r 

viii) G4 W4 Pu4 Pd4 M4 / Ba4 
ix) Jr4 Jk4 Pu4 G4 

The rainfall distribution is insufficient for paddy. 

But there is large area under the crop in the Region 
which reflects the desire of farmers to go in for tliis 
crop. They expect above normal conditions to prevail 
every year which may haooen once in three years at the most. 
Consequently the yield level is lowi.e, 70 to 80 per . 
cent or less of all India, In Andhra Pradesh, rice crop 
is almost entirely irrigated* 

14.6.41 This is another region much better endowed with 
rainfall both in terms of quantity and its distribution. 

Yield levels could be high but it is not so because a crop 
like paddy dominates for which rainfall is not sufficient 
and irrigation facilities required are not available. Yield 
levels of other crops are also low. Hence, careful examination 
is suggested, 

14.6.42 Region 10 - £4 (Al C3) E4: The entire region is 

in Gujarat and its cropped area is 0,4 per cent of all-India, 

It covers portions of Junagadh, Surat and Broach districts, 

July is the rainiest month with more than 30 cm pm and the rest 
are in 10-20 cm class. Six cropping patterns are. discernible 
tv^o with groundnut, three with cotton and one with jowar. 
Groundnut (47^0 and cotton (489^) patterns cover together 95 
per cent area. The major crops are groundnut in Junagadh 
area and cotton elsewhere. Yield of groundnut in Junagadh 
district is good at 137 per cent of all -India yield; that 
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of cotton in Surat and Broach is 115 and 154 per cent 
respectively of alL India, Th© ydreipping 
patterns in this region are Listed belov/: 

i) Gnl 

ii) Gn2 W4 / C4 /iM / F4 Jk4 

iii) Cl 

iv) C2 Jk4 

v) C2 Jr4 / F4 

vi) Jk3 C4 Gn4 Pd4/Jr4 

14.6.43 Looking to the amount and distribution of rainfall 
,thoic can be a temptation for paddy cultivation. It is’ 

really gratifying that crops other than paddy are being 
cultivated in this region and with good yields. This can, 
therefore, be quoted as a very good example where the 
cropping patterns have been stabilized after taking the 
minimum rainfall, i.e, on lower side of the normal, into 
account. In the areas of above average rainfall drainage 
aspect is taken care of fully. In some other regions with 
almost similar rainfall patterns, paddy is grown resulting 
in unsatisfactory yield levels. The example of farmers of 
this Region is worth emulating by farmers in other Regions, 

14.6.44 Region 11 - E4 (Ai B1 Cl El) E4; The cropped area 

of the region is 1.4 per cent of the country’s gross cropped 

area. The 36 taluks of the Region belong to five States of 

which 14 taluks are from Gujarat and six from Madhya Pradesh, 

The rainy season is from Julyto Seotember, R.ainfaLI decreases 

to . 

from more than 30 cm in Jul^^20-30 cm in August and to 10 to 
20 cm in September, June rainfall is 8 to 10 cm. There is 
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no other month with even 5 cm rainfall, 

14,6,45 The Region has eleven cropping patterns ns indicated 
below: 

i) Pd4 D4 Pu4 3a4 W4 G5 

ii) M2 Pd4 

iii) M3 'W3 / V/4 G4 

iv) M4 C4 Pd4 Gn4 04 / Mt4 
. v) Jk3 C3/C4; G4 /'.G4 

vi) Jk3 C4 F4 M4 /G‘nl4 /VJ4 

vii) B3 Pd4 W4 / To4 W4 

viii) B4 Pd4 Jk4 W4 /F4 /C4 

ix) Gn3 B4 C4 

x) Gn4 B4 C4 /M4 C4 / M4 Pd4 

xi) C4 Gn4 M4 B4 / B5 Jk5 

xii) V'/3 M3 

xiii) V;3 Jk4 04 /B4 /G4 /Mt4 /M4 

Wheat, maize, jowar and groundnut are the important crops. 

The main crops in each of the State areas in the Region are: 

Himachal Pradesh maize and wheat 

Rajasthan jowar, wheat and gram 

Uttar Pradesh wheat, maize, jowar, small 

millets, barley and paddy 

Madhya Pradesh jov^/ar, cotton and fodder 

Gujarat groundnut, maize, bajra and 

cotton 

Cropping patternscentred around jowarwheat, groundnut 
and paddyvdth about 30 per cent, 20 per cent, 16 per cent and 
14 per cent respectively of the gross cropped area of 
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the Region, Share of bajra and of maize are oach about 8 to 9 
per cent in total area. 

14.6.46 Maize yield in Himachal Pradesh is above all- 
India level but wheat is only 65 to 70 per cent. In Kotah 
district jowar yield is the same as all"India but yield of 
wheat and of gram are only 67 per cent and 84 percent, 
respectively. Cotton yield in Madhya Pradesh is about 60 
per cent and jowar yield is above all -India level, v'/heat 
and barley yields in Uttar Pradesh area are only 30 per cent 
of the national level but that of maize is at par with all - 
India yield v;herever yields of small millets and jowar are 

even higher. In Pratapgarh district, where paddy dominates, the 
crop yield is only 55 to 60 per cent of all -India yield, 

14.6.47 In spite of the fact that rainfall is good for 
majority of crops grown in the Region, except paddy, yield 

levels of many of the crops are low except in Gujarat, Yields 
of jowar are fairly good but could have been better, Paddy 
yields cannot be expected to increase unless irrigation 
is provided. It is, therefore, necessary to go into the 
cropping structure in detail VNfith a view to bringing about 
improvement in structure and productivity, 

14.6.48 Region 12 E4 (Al El C2) E4; The Region includes 
4 per cent of the gross cropped area of the country and 
extends over six States, Distribution of area among the 
States is as follows: Bihar (8 percent), Uttar Pradesh (9 

per cent), Madhya Pradesh (29 per cent) Gujarat (l6 per cent), 
Maharashtra (30 per cent) and Andhra Pradesh (8 per cent). 
Rainfall distribution begins with 10-20 cm in June, :llsos 
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to more than 30 cm in July and decreas''s to 20—30 cm in August 
and 10-20 cm in September, 

14.6,49 Twentynine cropping patterns have been identified and 
are listed belov/ ; 

i) Pdl 

ii) Pd2 Pu4 

iii) Pd3 Mt4 Pu4 / 04 / G4 

iv) Pd2 Jr4 

v) Pd4 M4 Pu4 Jr4 / W4 

vi) M3 Pd4 Mt4 

vii) M4 Pd4 Mt4 /"B4(C4/Gn4j7 / GnS 

viii) Jk3 C4 04 / Pu4 / Gn4 /Pd4 / W4 /T4 /F4 

ix) Jk3 Gn4 T4 

x) Jk4 C4 04 ?u4 / Jr4 

xi) Jk4 Mt4 W4 (04 Pu4/34)/(Pu4 G4/T4) 

xii) 2'^. To4 Mt4 / Mt4 ?d4 

xiii) Mt3 W4 G4 Jk4 

xiv) Mt4 Pu4 Pd4 Gn4 C4 
XV) Jr4 04 W4 Pd4 Jk4 / Pu4 /C4 
xvi) Jr 4 C4 Pd4 
xvii) Gn4 Pd4 4 C4 
XViii) Cl 

xix) C2 Jk4 

xx) C3 Jk3 / Jk4 / Jk4 m 

xxi) C4 Pd4 (Mt4 Jk4) / (Mt4 Gn4) / (B4 M4) / (B4 To4 Jk4) 

xxii) C2 Jr4 / Pd4 
XXiii) C3 Jr4 Jk4 / Pd4 /34 
xxiv) C3 Jr4 Pd4 To4 / B4 M4 
XXV) W3 Jk4 F4 
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XXV i) V/3 C4 04 / Jk4 
XXV ii) W4 Pd4 Gn4 55 

XXV iii) W4 Pd4 G4 M4 / 54 / 54 35 / M4 54 
xxix) *^'3 B4 Pd4 

The number of oatterns under different crops with resoective 

per cent areas covered by tViem are as follows: 

Crop Pd U Jk B Mt Jr On C W To 

no. of 5 2 4 12 21 7 4 1 

patterns 

per cent 16 3 28 2 3 6 0.5 27 14 1 

area 

covered by 
patterns 

For convenience the main crops in different 5tate$ of the 
region are shown below in symbols. 


Bihar 

Uttar 

Pradesh 

Madhya 

Pradesh 

Gujarat 

Maharashtra 

Andhra Pradesh 

Pd 

W 

Jk 

C' 

C 

?d 

Pu 

Pd 

W 8 

Jr 

Jk 

Jk 

M 

G 

Pd 

Jk 

Jr 

Jr 

W 

5 

F 

B 

Pu 

Pu 



0 

Pd 

W 




.-1 

M 





r* 

Gn 




14,6,50 Paddy in Andhra Pradesh is almost’entirely irrigated 
and the "^eld is above all-India level. Elsewhere, it is mostl’ 
rainfed with low yields of 70 per cent or less. Rainfall 
is insufficient for paddy. Cotton yields in Madhya Pradesh 
and Andhra Pradesh are low - less than 60 oer cent, but in 
Gujarat where the crop is mostly rainfed the yields are 
well above the all* India level. 



14,6,51 The rainfall distribution of the r^^gior. sens more 
suited to millets, maize and cotton but not for pach'y, Padey 


grcv.'ing without facilities 


for oroviv’ing suooleme 


a I 


irrigation does not seem to be justifiable, £ 
yield standards of crons in some of t'-'O States 




on one hand 


one 


good levels in Sujarat, on the other, un^'er similar rainfall 
conditions is difficult to explain. It is, f ’erefore, 
recommended t''at cultural oractices adootod in t’is State 
where the yields are good slvould bo studied and extended to 
other areas in the region, in addition to carrying out the 


needed research, 

14.6,52 Region 13 - £4 (A2 Cl Ei) E4 and Region Id- - E4 
(A2 C2) E4: Rainfall distribution during July to September 
is the same in both the regions and hence these are discussed 
together, Roth have areas in iviadhya Pradesh, IJttar Pradesh 
and Himachal Pradesh and Region 13 covers in addition areas in 
Jammu 8. Kasi'imir, Rajastinan and one talulc of Punjab. The 
cropoed area in Regions 13 and 14 are 3,5 per cent and 214 per cent 
respectively of total, i'Jinetyone per cent of the cropped 
area of Region 14 is in Ma-dhya Pradesh, 2 per cent in Himachal 
Pradesh and the rest in Uttar Pradesh, The Regions lie close to 


each other in the plains but are a little away, thoug’.') close, 
in Himachal Pradesh and Jammu ?•. Kashmir. 

14,6,53 The rainiest months are July and August with more 


than 30 cm pm but rainfall in Septemb -.T is only 10-20 cm prn. In 


Region 14 June also g-ots 10-20 cm. The 
in September and rapid rise from June to 
October rainfall is small and negligible 


sudden droo in rainfall 
July may be noted, 

, Th-s high variability 




232 

of September and October rainfall is another notable feature, 
14,6,54 The cropping patterns of the Regions are shown 
below-side by side, for comoarison: 

Region 13 Region 14 

i) Pd3W4 M4/Mt4/(Ba4 G4)/ i) Pdl 

(Pu4 C5/G4/5) 

ii) Pd4 Ba4 W4(G4 Jk4)/ ii) Pd2 Mt4/Pu4 

(G4 Mt4 B4)/(B4/S4) 

iii) M3 VM Pd4/(G4 Pd4)/ iii) Pd3 I'At4 04//M/Pu4/G4 

C4 Mt4/(Ba5 05) 

iv) M4 Pd4 Mt4 C4 G4 iv) Pd3 h/4 04/Mt4/S4/G4 

Mt4 Pu4 

v) Jk3 M4 C4A''4 C4 v) M3 W3 

Vi) Jk3 W4 G4AW/G4 B4 vi) Jk3 W4 F4/G4 

vii) G3 W4 Jk4/Pd4/Jk4(T4/ vii) Mt3 Pd4 04/B34/M4 
04/na4)/04 Ba4 

viii) \n M3 Pd4 04 viii) G3 VM Pu4/Jk4 

ix) VV3 M4 34/Pu4/(Pu4B4)/ ix) W3 C4/F4/Jk4 

Pd4/Pu4 Pd4 

x) W3 G4 Jk4 04/Pd4(04/G4)/ x) W3 G4 Pu4/F4/04 Pu4 
Pd4 

xi) VM- Mt4 Pd4 (04/G4) xi) ’-73 Jk4 G4/F4/B4/G4 

xii) W4 Mt4 F4 (Jk4 Pd4)/ xii) '.73 M3AV4(Pd4/3a4) 

Ba4/(E4/Pd4) 

xiii) W3 Pd4 G4/04 , 
iv) VM Pd4 Mt4/04 

V/heat and paddy patterns have the largest areas but 
in Region 13, jov/ar (kharif) and gram patterns also cover 
substantial areas. 


Patterns 

Region 13 
if area) 

Region 14 
i% area) 

oaddy 

29.8 

36,6 

wheat 

37.2 

51.5 

gram 

14.5 

1.9 

jov/ar(kharif) 

14.1 

5.4 

small millets 


2.9 

maize 

4.5 

0,6 



14,6,55 Important crois of reoion 13 aro v/n.eat, pad' y, jj-'ar 
and maize Gram r.nd small rr.illetr. ’-.ave also si-jnil'i'ant ar'>as, 

’.'.’heat is the main croo in 'limacl.al Pr'das’', Ja'.; .u C. iCnc.hm.ir, 

Mad' ya Pradesh and Punjab areas, Ir. Ut':ar Pradesh: :rea t’-.ero is 

no prittern beginning v/it-'' vmc-at but paddv a.;d ’•' •eat go togc-t'. nr 

in the paddy patterns. In Madhya Pra’r'os::, w’aeat is prndomino'-t , 

In Rajosthan, jowar and wheat occupy considerable area but in 

Panswara district, maize dominates, Gmail millets, oaci'.'y on.i 

gram are also important. Grism is major in Panda district of 

Uttar Pradesh with G3 VJ4 Jk4/Pc.4 pate cm. In Region 14, Orst 


and paddy are the major crons. The otlier important crops arc 
gram, pulses ot’nor than tur and gram, maize, oil seeds other 
than groundnut and small millets, Pad'iy dominates the eastern 
areas and '•.•heat in the rest of the region, 

14.6,56 y/heat yields in Uttar Pradesh and Rajasthan are close 
to all-'India but in I.'adhya Pradesh it is only 57 per cent rind in 
Himachal Pradesh 70 per cent. This is due to the fact that two- 
third of wheat area is irrigated in Raj'^sthan and Ut'.ar Pradesh 
w'-eroas the irrigated ar'a is only 15 per cent in the other two 
States, Rice yields in the orincioal areas are low and of the 
order of 70 per cent only. This is due to low and uncertain 


rainfall of Seotombor and lack of su lenient a 1 iriigatio.n, Jowar 
yields are good (ii5/'i) in Uttar Pradesh and f'adhya Pradesh but 
over 70 per cent ip. Rajasthan v.ticro the area is not Large, Maizo 
yields are 90 per cent cr loss except in Himachal Pradesh v.'hcre 
the yield is as high as I6l oer cent. Gram yield is about 95 
per cent of all -liidia in Uttar I’r.^desh an;’ R.roast’''3n but 73 per cent 
in jMadhya Pradesh, Th.'n yi-'ld of small aillots is low in 
Madhe/a Prad-esh (62?c) and Rajcsfcion (82/3) but hi.gh in Uttar 
Pradesh (l63?0 and ’Him-’^chal Pradesh (226%), 
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14.6.57 

In brief, 

it can 'xa stated 

*. J- \ 

V *. i • . U . 

r: yiel' 

X'' - 0 

paddy an 

d wheat, th 

e two major crops 

of t’.G 

Rot ions, 

or: 

the lov 

side. The 

reason for this s 

late of 

affairs 

cannot 


be any other than insufTicient noif^ruro cnonl.'", P.’iinioll, 
esoocielly in Septornbor, ie noc s’jfficiftnt to Pupoort rice 
crop and irrigation facilities arc wn'-tirg for oad'^y as 
also for wheat. Yields of a fov/ other croos arc also lov^ in 
some of the States in t'.'.c Mogion, The only '•"ay to r':''"icdy 
the situation is to study the various asoects and evolve 
and adopt appropriate measures, 

14.6.58 Regions 15 and 16 - E4- {A2 Dl Cl)E4 and E4-'(A2 B2) E4;Rcgijr 
15 and 16 have beon grouped together as they have the same 
rainfall distribution during July to September, Their 
cropped areas are 7.6 and 7.2 per cent respectively of the 
total and cover adjoining areas to a large extent. The 
distribution of aroras in t’ne diffcorent States is as follows! 


States 

Andhra Pradesh 
Maharashtra 
Madhya Pradesh 
Gujarat 

Himachal Pradesh 
Uttar Pradesh 


Rihar 


West Bengal 
Orissa 


Percentgqe area covered 


Region 15 

1 

3 

20 

4 

neg. 

30 

35 


Region 16 
1 

'9 

34 


30 


25 


July and August are the rainiest months with more than 30 
cm pm but September gets only 20-30’em. June is C class in 
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Region 15 and B in Region 16, 

14,6,59, The Cropping Patterns of Regions 15,and 16 are as 
follows: 

Region - 15 Region - 16 

i) Pdl i) Pdl 

ii) Pd2 W4/Pu4/M4/r>At4/R4 ii) Pd2 Pu4/Iit4/04A.'4/n4/Jr4/ 

Pu4 05 

iii) Pd3 VM/V14 G4 iii) Pd3 Jr4/Pu4/Pu4 M4/ Pu4 V/4 

iv) Pd3 VM S4/xDu4/Ba4/ iv) Pd3 Mt3/Mt4 04 /Ivrh4 04 M4 

M4 Pu4/M4/Pu4 Mt4 

v) Pd3 Mt4 04/?u4 v) ?d3 Pu4 W4/M4/M4 W4/Mt5 05 

vi) Pd3 M4 04 Pu4/Mt4 vi) Pd3 Jk4 Pu4/Fr4/C5/R4 

vii) Pd4 W4 S4/M4/S4 G4/S4 vii) Pd4 R4 04 Pu4/Mt4 Jk5 

viii) ?d4 Mt4 04 ';V4 Ra4 viii) C4 Jk4 Pd4 

ix) ?d4 C4 Jk4 Gn4/Gn4 Mt4 ix) R4 04 Pd4 ‘‘t4 

x) Jk4 C4 Pd4 Gn4 x) fits Pd3 

xi) Mt3 04 (VM G4)AV4 xi) JrS Pd4 

Pd4/Ba4 Pd4 • 

xii) Mt3 Pu4 Jr4 C4 xii) Jr4 W4 04 Jk4 

xiii) C2 Jr4 

xiv) C3 Jr4 Pd4/Pd4 Gn4 
XV ) C4 Pd4 Pu4 Jk4/S4 
xvi) C4 Pd4 Gn4 (fit4 M4)/Jk4 Fr4 
xvii) G4 V'/4 Pu4 Jk4 
XViii) Jr2 Gn4 V’4 

xix) Jr3 Pd4 Gn4 Pu4/Jk4 
XX) Jr3 Pu4 Pd4/04 
xxi)Jr4 Pd4 i''lt4 04 
xxii) W3 Pd4 M4 
xxiii) V'/3 04 Pu4/G4 Pu4 
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r 'T' r> 

' V.:: Kji 


Region 15 
xiv) Pu4 04 
xxi) \74 !;:t4 Pd4 G^/04 

14,6,60 Seventytl.roo per cent of cropped are3 is coV( 
by the nine paddy patterns in Region 15, In Region 16, 97 
par cant of cropped ar€;3 is under paddy patterns. The 
rainfall criterion for paddy of not less than three months 
with 30 ern ptn or more is not satisfied, though it is ne.irly 
so. By proper w^rter rnanagornont, moisture stress during 
September could be met. 


14.6.61 The position regarding yields is that in most of 
the States they are low and 70 to 80 per cent only. Paddy 
is the main crop of these regions but yields are low. One 
of the main reasons is insufficiency of rainfall especially 
in September and possibly in June. Providing for supolemcnta 
irrigation Vvrill go o long way in increasing and stabilising 
paddy yields, ’/.'here it cannot be done, it is better to 
divert paddy areas to other crops. These Regions are mors 
suitable for paddy than other crops and hence necessary 


steps should be taken for providing irrigation facilities. 

14.6,62 Region 17 - (A3 Bl) E'4, The total cropped area 

of the Region is 0,2 per ccfit of all-India and incluoes taluks 
in Vasad, Dangs (Gujarat) and Than:, and h'asik (Maharashtra), 
Rainfall is grc.ater than 30 cm pn for throe to four consecutive 
months and is \;ell suited for grov/ing rice. This is reflected 


in the cropping patterns v;hlch are as follov's: 

i) Pel 

ii) Pd2 Pu4/.it4/?r4 

iii) P43 24 ?u4/Mt4 

iv) R3 04 ?u4 



At higher elevations and in tribal ar..-'oS of Dangr, C'h::r':.iour 
etc., ragi and small millets assume greater imoortcr.co. Pad.c'y 
yield is 138 per cent in Than' end just at t'a^ all- Ir. ’ia level 
in dulsar, Ragi yields are about 90 per cent. 

14,6,63 Water rosourcc-s through rainfall are more t’.ian 
adequate for growing pad('y in valleys and h.ilL-millats 
in elevated areas, Paddy yields arc f.:irly good and 
could be raised further especially in hulsar district of 
Gujarat. There is good scooe for increasing th.o yields 
of ragi by cadoptinqAaettor varieties and agronomic 
oractic- s. Being heavy rainfall caroas, there is scooe for 
introducing imoroved varieties ox grasses, forage and 


legumes. It is v^orth trying soybean in rotation with ragi. 

iVioizo could also bo tried. The Region is good for 

production forestry and economic tro". crops. 

Group IV: Rainy season from October 

for one to three months, 

14,6,64 Regions 18-22; In this group five Regions (18 to 22) 
ore included v/here effective rainfall of more than 10 cm 


pm occurs only in October or continues for one or two 
months thereafter i,e. only during post-monsoon months. 

The rainfall patterns for those R'-eqions are given below: 
Region IS - E4 (E4) Cl-£.3 

Region 19 - H4 (E4) C2 52 

Region 20 - 54 (54) Si C2 El 

Region 21 - 54 (54) 32 Cl El 

Region 22 - 54 (Ed) A1 B2 51 

Rainfall varies fro-^ class, C in Region IS to Class A for one- 
month and class B for tv/o months in post-monsoon noriod in 


Roc:ion 22, These R^egions cover po7atiors of southern States, 
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mostly Tamil Nadu, there are also small areas in Andhra 
Pradesh and Karnataka. Himachal Pradesh has a small pocket 
which is included in Region 18, The other area in Region 18 
Comprises of two taluks of dry district of Chitradurga in 
Karnataka and it accounts for 96 por cent of thiG cropped area of 
the Region, Millets, cotton and other pulses are important 
crops of this Region, Rainfall is 10-11 cm in October, 9-10 cm 
in September, 5 cm in November and 5-8 cm pm in August and 
May, Rainfall is very low and the yields of all crops are 
also low, 

14.6.65 Region 19 is entirely in Tamil Nadu and is the 
biggest with 1,34 per cent cropped area. Rainfall is 10-20 
cm Dm during October and November, September rainfall is 
5-10 cm. It has paddy, jowar, bajra and cotton as main 
crops, Paddy is entirely irrigated, 

14.6.66 Regions 20 to 22 cover areas on the e.ast coast of 
Tamil Nadu and Andhra Pradesh, Total cropped area is small 
being loss than 0.2 per cent. Rainfall is heavier‘attaining 
A and B class in one or two months, Paddy is the main crop 
and mostly grown under irrigation, Jowar and other pulses 
are also important. 

14.6.67 Tho cropping patterns of the Regions 18 to 22 
together with names of the States included in the Regions 
are as follows: 
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14.6.68 Patterns begin witVi paddy, cotton, jowar or millets. 
There is one pattern with fruits, plantation crops and potato 
v;hich is in Himachal Pradesh, Paddy yields are high. Yields 
of millets are very good in Tamil Mac’u and moderate in Andhra 
Pradesh, Pulse yields are low* The reasons for the same 

are required to be looked into and imorovernent brought about. 

Group V: Rainy season from September for two 
to four months 

14.6.69 Regions 23~26: The following four regions have 
been considered in this grouo. 

Region 23 - E4 (Ci E3) Cl E3 

Region 24 - E4 (Cl E3) C2 E2 

Region 25 - E4 (Cl E3) 132 E2 

Region 26 - E4 (Cl E3) Ai Bl Ci El 

More than 10 cm pm of rainfall is received from Septernter 
onwards for two to four months. VJhile it is for two months 
in Region 23, it is 3-4 months in Regions 24-26, In Regions 
25-26 which are small areas, rainfall is higher than 20 cm pm 
for two months. These Regions are in the States of Andhra 
Pradesh, Tamil Nadu and !<arnataka. Cropping patterns of the 
Regions are given in paragfaph 14,6,73, Paddy is the major 
crop covering more than 50 per cent in regions 25 and 26 j 
groundnut and millets are the other crops. In Kovur taluk of 
I’ellore district, 89 per cent of the cropped area is under 
paddy, 

14.6.70 Regions 23 and 24 are larger in area. The main 


crops of region 23 are groundnut, ragi and other millets; 
paddy also has two patterns. Other pulses do not cover 
large areas but in one pattern tho area comoaratively 
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higher than the rest. Plantation crops are inioj tj/.b i.. 
Chikmagalur taluk in i'^arnata’ca along v;ith ragi anh padey. As 
only the eastern half of this taluk is included, the area under 
plantations is likely to be less. Six of the 12 patterns of 
region 24 begin with paddy, throe with g roundnut and the rest 
with jov/ar (kharif), jowar (rabi) and tur. Two patterns are 
v;ith jowar, one kharif and the other rabi. 

14.6.71 Paddy predominates in all areas where irrigation 
is available. Elsewhere millets, groundnut, other pulses 
and cotton are important. In the more elevated areas of 
Karnataka ragi predominates. Groundnut also is important. 

One of the patterns begins with 3n2 i.e. groundnut area is 
higher than 60 per cent and this is in Vayalpad of Chittoor 
district, Ragi yield in Karnataka is the same as all-India, 
Groundnut yield in Andhra Pradesh is the same as all India 
level but 126 per cent in Tamil Nadu, Rainfall distribution 
is good for millets, groundnut and cotton in regions 24 to 26 
which have not less than three months of 10-20 cm prp. 

14.6.72 Paddy can be grown only with irrigation in these 
;^gions v/hich is being done. Conditions are nearly 
favourable for maize in ;^gions 25 and 26, Introduction of 
this crop along vvith 'So^ean is worth examining. Measures 
required to be taken to increase the yield levels of the 
existing crops also need examination, 

14.6.73 Crooning petterns of legions 23 to 26 are as 


follows: 
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14, if.. 
grou 
\ugu 
this 


Regio . 
cropp. 
cropp: 
paragi 
region 
P?.ddy • 
ground;, 
as the 
ragi ?.r 
v'.dth gi 
there a 
with ra ■ 
is high 
in Novel ’ 
cotton : 
27 are :• 
begin vd 


Rainy season from August 
for four or five months 

Regions 27-29 1 The regions included in this 

aive rainfall of class C (JD cmpm) and above from 

i'vVards for 4 or 5 nxonths. There are three Regions in 

P v;ith the following rainfall patterns! 

Region 27 - B; (C2 E2) C2 E2 

Region 28 - Ei (C2 E2) B1 C2 Ei 

Region 29 - m (C2 22) A1 El Cl El 

is the largest with 1.87 per cent of total 

ro^ and covers 61 tauks in three States. The 

p-'tterns of regions 27 to 29^ are given in 

«ro' 

.14.6.76. Regions 28 and 29^.n Tamil Ma.du and 
in Tamil Madu, .Vidhra Pradesh end. Karnataka, 

/■ :- m.ein crop in regions 28 and 29 with 
. b.ajra, ragi, jov/ar (khr.rix) and small millets, 

•r crops. Region 27 h.as five paddy patterns but 
v.'.ar (Kharif) are major crops. Two patterns begin 
r.ut. An important feature of the rainfall is tn.'st 
our to five consecutive months from August 
11 of 10 cm pm or more. Tu region 29, r-ainfall 
Hih 20-30 cm in October and greater than 30 cm 

Rainf-'ll distribution favours millets like jowar, 
•roundnut. Forty percent of the taluks in region 
■^n-at-aka 'd'iexQ ragi predominates and the patterns 
and R3; the other crops are other pulses, 
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paddy and small millets. Ragi yield in Karnataka is of tie 
order of all-India yield. The two patterns vdth Gn3 are mainly 
of Andhra Pradesh, though it is an important crop in the other 
Regions also, Paddy is grown almost entirely under irrigation 
with good yields. These are clearly millet Regions and •’Iso 
suitable for cotton and groundnut, 

14,6,75 There are possibilities of diverting areas from 
crops like paddy to protein yielding and fodder crops 
v\hich may be examined along with the possibilities of 
increasing yield levels of existing crops. 



14 . 6.76 Cropping Pattern 3 of the Regions 27 to 29 in Group VI are as follows 


245 


C\ 

(N 

c 

o 

•H 

0 | 


o 

rH 

m 

p 

s: 


c: 

fQ 

rH n 
'd ti 
Lt ft 


•H ’H 
'H 


in 


•H 

E 

& 


■r* 

ffi 


c 

o 

\ 


CO 

C'i 


o 

ft 


r' 

OJ 

c 

o 

•H 

Si 

o 

ft 


4-1 

O 


O 

4-1 


P 

C 

o 

9 - 

A 

o 


o 


« 

<n 

O 

P 

< 4 ! 


u 


c 

o 


■rt 

Cl 



^ 'S' 

C C P 

o o s 

<H 04 00 ■S' 

tJ 'O Tl P 
ft ft ft ft 

*H "H -I-) J> 
•H ‘H -fS 

■H 

m in 
O O 



•S' 

n p ^ t 
ft t) -d •S' 

Tj' •S' -S' •S' "N. \ 
c c c a S'" 't 
o o o o p d 
W ft ft 
•S' 00 S' S' V 

C C -P P S' '-f 

0 a ^ 2: d P 

ft ft 

•;r| Q Q 2 : 

t) tJ “O d P 04 00 

ft ft ft ft ft Oi ft 


-rH 

tJ 



ft 


P 

S' 

s 


b 

rM 

■ft 

X 


ft 

•S' 

■ H .-H 

\ 

-p 

f) P 

•^J' 


ft ft 

•:» pL. 


P T- 


'-J* 

•'j c 

e> 

\ in •S' 

s* d s< p ■r*' 'S' 

p ft d s CP 

2 ; ft Oft 

UO •S' 

s c '^i- TO S' s 
C O P ft O ?: 

00 ':J' S' 
00 00 •S' ft; ^ 

ft ft ft o o B 


«:,}i 

• d 
S' ft 

O •C)' 

S" ft s 

O 'T ‘ 3 s'* 
H fT \ c 

'■:.'' O 
S •.." C 
O 0:1 o s" 

r24 P P -S' 
•0 ft ft fti 
b 

ro 00 S 
C C P vS 
O O S O 


U 


CO 

C 

P 

o 

■p 

-p 

(0 

ft 

ft 

*H 

r. 1 . 

& 

p 

o 



•H 

> 


•H -P 
■H -H 
?* "S 
> 


X X 
•H 


•H -H 

X-H 

X 


■s 

•H 

•S 

X 


H -H 

•H 

> 
X 


I> 

r-t 


it 


r~i 

•H 


O-' 
00 O' 


S' 

O) 


.0 

p ft^ 
S: ,c g 

p CO 4J 
rH p o p 

•H £ t) c 
E b P p 


to 

rX 

P 




-H 4-1 
> O 


CO 

O 

P 

C) 

P 

to 


p 

o 

,Q 

E 

P 

G 


O 

CM 

. 

O 


10 

. 

o 


CO 





crox.ped area as per cent of 
all-India 



246 


Group VII « Rainy season for four months from July or five 
months from June and October 10-20 cm pm 

14,6,77 Region 30-36: Rainfall is medium to heavy in the 
Regions included in this group. The patterns are given 
below: 

Region 30 - B4 (C4/C3) Cl ^3 
Region 31 - E4 (E3 Cl) Cl E3 

Region 32 - (A1 C3) Cl E3 

Region 33 - E4 (A1 Bl C2) Cl E3 

Region 34 - E4 (A2 Bl Cl) Cl E3 

Region 35 - E4 (42 B2) Cl E3 

Region 36 - E4 (A4/A3) Cl E3 

A major feature of the rainfall distribution in the regions 
of this group is that there are four to five consecutive 
months from July or Juno vdth more than 10 cm pm and 
October is in 10-20 cm class. Regions 30, 31 and 36 have 
three or more consecutive months of the same class. 

This is a large group of seven regions but total cropped 
area is only 5,5 per cent of all-India, Rggion 30 is the 
largest with nearly half the area - 2.61 per cent. The 
Region covers areas in Karnataka, .Andhra Pradesh, 

Maharashtra and Orissa and a small area in Him.achal Pradesh, 
Throe fourth of the taluks of Region 30 are in Andhra Pradesh. 
Region 35 and most of Rggion 31 arc in Orissa, Begion 32 
and two thirds of Region 36 are in Mahnrashtrra. The 
cropping patterns of these regions are given below: 
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14.6,/8 All patterns of regions 31, 33, 35 "“nd 36 bog?.n 
with paddy and the coverage is mere than 50 per cent in rr.-ny 
taluks. Region 36 has A type rainfall and is well suited 
for paddy; the general yield level in coastal Karnataka, and 
coastal Maharashtra is well above all-India, Region ?5 has 
two months of A and near favourable c ond it ions while 
31 and 33 have mostly B type; the conditions ore not 
favourable for growing paddy without supplemental irrigation 
The yields in Orissa are not high being only 85 per cent of 
all-India level, 

14,6,79 Paddy dominates vjhether rainfall is sufficient or 
not. The only good feature is that it is grev/n mostly 
under irrigation and yields are high. It m.ay, however, 
be necessary to consider as to v^.ether available water 
could bo better utilised for raising othercrops on larger 
areas v.dth advantage. The suggestion, especi.^1 ly applies to 
Regions 30 and 31, vhore tho rainfall is 

good for raising crops like jov/ar, ragi, etc. Maize Ccon be 
good crop for these regions and may bo tried. Similarly 
soybean .and cotton can be good crops in Regions 31 to 36, 
Plantation crops should also b>a c onsidered especially in 
Regions 33 to 36, .Since there is rainfall in Octobet in 
addition to monsoon months, possibilities of raising pulses 
and f odder crops in paddy follov/s w5.th supplemental 
irrigation is worth fccnsidoring. 
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Group VIII: R-'iny se?.scn from /’i?y :cr 

five to seven months 

14.6.80 Regions 37, 41, 42, 44, 45, 47-49 ond 55: Regions 

getting f?<.irly honvy roinf^'ll right from M-'y for 5 tc 7 

months are included in this group. Cropping patterns of 

those regions arc given below: 

Region 37 - Cl E3 ^4/A3) EA 

Region 41 - Cl E3 (31 C3) Cl E3 

Region 42 - Cl E.g (ai E2 Cl) Cl E3 

Region 44 - Cl E3 (A2 32) Cl E3 

Region 45 - Cl E3 (A4/A3) Cl £3 

Region 47 - Cl E3 (31 C3)E2 E2 
Region 48 - Cl E3 (B3 Cl) BA 

Region 49 - Cl E3 (M/A3) 31 Cl E2 

Region 55 - Bl E3 (A3 Bl) 31 Cl E2 

Though rainfall is spread ever five tc seven months, 

Regions 41, 47 -Tid 48 have no month Vvdth A t^^po rainfcall; in 

Ragion 41 there is only one month with type B. rainfall, 

the rest being C, Region 42 has only one month-July with A, 

the rest being B or C, Only the remaining regions of this 

group have three or four months of A during Tune to September, 

14.6.81 The Regions cover area's in the northeast and south 

and account for 5.6 per cent of the total cropped area. 

Cropping patterns prevailing in these regions are as follows: 

Region No, Area in Cropping p_att_eift_^_ 

45 Karn-taka Pdl, L2pd3, L3Pd3 

49 Karnataka,Korol^ Pdl, Pd2 U, Pd3 I3, L2 Pd4 

47, 55 Kerala Pd2 L4, L2 Pd4, 33 Pd3, 33 Ta4 

41, 42 Assam Pdl, Pd2 Ju4/Pu4 

44 , 37 Assam Pdl, Pd2 .^u4/W5 Pu5 

'.Vest Bengal 
3ih ar 
Orissa 

'/Vest Bengal 


48 


Pdl, Pd3 Pu4 JU4/G4/V/4 





Tho cropping structure is dominated by p-^.ddy, plantations 
-nd tapioca in Kerala, .•'nd Karnatak*',. Elsovihers paddy ?nd jute 
predominate v/ith some vhent -'nd other pulses. 

14.6.82 The yield levels of paddy in the coastal regions 
of Kerala and Karnataka are well above .all-India, In the 
northeastern States excepting West Bengal they are loss than the 
roll-India level. Yi.3ld levels in Bihar and Orissa are 

71 per cent and 85 per cent respectively of-the ell Indie 
level vhile in /^'est .Bengal it is higher being 110 per cant, 

14.6.83 Rainfall distribution in the northeast is n.at sc 
favourable for paddy; m^ st of the •'^rea has hardly tv/o months of 
A type ^f rainfall, /‘'.oisturi’ stress in September and f-laods 
affect the yields. There is scope fcr substitution of paddy 
v/ith m’ize ^nd similar crops in Regions 41, 44, 47 and 48 
unless irrigation support can be provided, Say.'^bean toe can 

be a. goc*’ crop for these regions. 



Group IX: Six to eight consecutive months of rainy 
season from April or Mairch 

14.6.84 Regions 56 to 62: Effective rains occur for a 

period of six to eight months beginning from April or March, 

There are seven regions (56 to 62) in this group. 

Rainfall patterns are given belcv;: 

Region 56 - Bl Cl E2 (A1 31 C2) Bl Cl E2 

Region 57 - El Cl E2 {A2 Bl Cl) 

Region 58 - Bl Cl E2 (A4/A3) Al Bl E2 

Region 59 - 31 Cl E2 (A4/A3) Cl E3 

Region 60 - Al Cl £2 (A4/A3) Cl E3 

Region 61 - Al Bl Cl El (A2 B2) Cl E3 

Region 62 - A2 Cl El (m) Cl E3 

It can bo seen that except in Regions 56 ^nd 57 rainfall 

is more than sufficient for supporting paddy, 

14.6.85 The Regions cover a good portion of Assam and Kerala, 
The cropp«yarea of the regions is 4.3 per cent of all-India, 
Rainfall distribution of more than 10 cm pm is generally for 
7 to 8 months. Besides, except in two Regions, there are 
three to five months from June or July with more than 30 cm 
Rainfall distribution is thus very favourable f or growing 
oaddy. A m^jor difficulty faced in ^ssam is the largo 
frequency of floods ■’nd heavy rains v\hich affect 
considerably production levels. The position is of not very 
different in Kerala, 


14,6,86 cropping patterns of Regions 56 to 62 are as follov 



Region 

Region 

Region 

Region 

Regions 


56 

57 

58 

59 

60-62 

Crop ing 
patt erns 

L3 Ta4/ 
T a4 Pd 4 

Pdl 

Pd 2 L4/Ju4 

L2 Pd4 

Pdl 

Pdl 

States 

Kerala 

ts s am 

L3 Pd 3/ 
Ta.4Pd4 

Kerala 

Pd 2 L4/JU4 
Pd 3 L3 M4 
Assam and 

Assam and 

covered 




West Bengal 

West Bengal 
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P^'.ddy is tho mr>jcr crop of 111 o ?.bovo regions except in 
Regions 56 ^-nd 59 ',/hero pl^nteticns cover larger areas. Pdl is 
the sole pattern cf regions 60-62 '.hile Fdl occurs along -/ith 
Pd2 etc. in the other regions. FIantatiens(excluding coconuts), 
are found in the more elevated locations and paddy in 
lov>-lying areas. In Korala coconut plantations are devulopod 
on a large scale, covering 20 to 25 per cent of cropped area. 
Jute figures significantly only in a fev/ areas in Assam, 

14,6,87 Cropping structure appears to be satisfactory. In 
regions 56-57 paddy could be replaced in high lying areas v;ith 
maize and soybean with advantage. Possibilities of taking 
short duration pulses, oilseeds, fodder crops .and vegetables 
appaarto be fea.sible before ••»nd after paddy. The high lying 
areas vhere raising of plantation creps is difficult cculd be 
Used for developing grasslands. Thase regions are generally 
good for production forestry and plantation crops. Tendency 
of opening up slopy lands for arable crops has to be 
discouraged. 
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Group X: Tvv'^ ro.iny sa^.sons 

14,6,88 Regions 38-40: This group h?.s two subgroups. In 

one subgroup tha first r^iny sonsen is in M-y v/ith 10-20 cm 

one tho socend from lugust, Soptoo-hor or October for three 

rnonthsi two months ond one month respectively, "'ll of than 

being in class 10-20 cm pm. Regions 38-40 come under this 

su’o-group and thoir rainfall patterns ere as follov/s; 

Region 38 - Cl E3(E4) Cl E3 
Region 39 - Cl E3 (Cl E3) Cl E3 
Region 40 - Cl E3 (C2 E2) Cl E3 

These cover areas mostly in Tamil Nadu and Karncotaka and a 

small area in Himachal Pradesh, The cropping patterns 

of these regions are shcv/n belov;: 
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14.6.89 In Region 40, rainfall of 10-20 cm pm is for throe 
months from August, The crops grown are millets, other pulses 
grouninut and padiy. Rainfall distribution is suitable for 
crops like millets anl groundnut. Paddy is grown under 
irrigation in Region 39 as rainfall of 10-20 cm pm is only 
for two months from September and August is closer to 10 cm. 

The Region is mostly in Karnataka where millet yields are 
good. The Region is nearly suitable for millets and groundnut. 
Region 38 is small in area and rainfall too is scanty; 10-20 
cm pm is received in Iday and October. August-September are in 
5-10 cm pm class. i^Iain crops grown are millets and other 
pilLses. Only Region -10 is satisfactory from the point of view 
of rainfall for millet crops. Region 39 is nearly so but 38 
receives low rainfall and heeds to be si^jportod with irrigation, 

14.6.90 These regions belong to scanty rainfall tract where 

long breaks occur;*, during-^t-he rainy»sosdoh.> ■ It' is i therefore, 
necessary to examine possibilities of putting larger areas 
under grasses and econ''''mic tree crops which can stand prolonged 
dr''Ught better than arable crops, 

14.6.91 Regions 43, 46 and 50-63* The other subgroup X(b) 
of this group includes six Regions. Their rainfall patterns 
are as follows* 

Region 43 - Cl S3 (A2 Cl Bl) Cl B3 

Region 46 - Cl E3 (31 C2 Bl) C2 B2 

Region 50 - C2 E2 (C2 B2) Cl B3 

Region 51 - C2 B2 (B2 Cl Bl) Cl B3 

Region 52 - C2 E2 (A2 Cl El) Cl E3 

Region 63 — C2 B2 CA2 31 Cl) C2 S2 



Th© tw) rainy seasons are (a) frota January for two to thre© 

months, and (b) from July for two to four months except in 

* 

Region- 53 where it is for fiv© months from June. The Regions 
are in Himachal Pradesh and Jammu & Kashmir and their cropped 
areas are very small 0.02 to 0.07 per cent of all-India. 

Together, they total to 0.23 per cant only. The main crops 
are maize and wheat but barley, paddy and small millets are 
important in a few taluks. The cropping patterns of the 
Regions are as follows* 

Region Region Region Region Region Region 

43 45 50 . 51 62 63 

l-GWa M2 W4 i) 111 Ml i)Ml ^ i)W3Pd3M4 

ii) 1^13 W4 Ba4/ il)M2W3 ii)M3i-CBa4 

Mt4 

lii) Mt3 Ba4 W4 
iv) W4 ■M4 Mt4/ 


3a4 Pd4 



i 

14,6.92 In Region 60, only July and August get 10-20 cm pmj 
Region 46 is better with 20-30 cm in July, and August to October 
in 10-20 cm class. Regions 43 and 52 have July and August with 
greater than 30 cm pm and 10-20 cm pm in September. Region 53 
rainfall is better with July and August greater than 30 cm pm, 
September 20-30 cm and 10-20 cm pra in June andOctober. Most 
of the regions are suitable for a crop like maize and Region 63 
is nearly so, even for paddy. Maize yield in Jammu & Kashmir is 
80 per cent while in Himachal Pradesh it is very good with State 
average of 161 per cent of all-India level. Barley yield level 
is only half of all-India in Jammu & Kashmir while it is 121 
per cent in Himachal Pradesh, Paddy being almost entirely 
irrigated in the northern districts,of Jammu & Kashmir has high 
yields but in the southern districts the yield varies between 
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60 to 90 per cent of all-India level. Rice yields in 
Hinachal Pradesh are 90 to 100 per cent and wheat 70 per cent 
of all-India level, 

14.6.93 Cropping structure in general appears to be appropria 
/ith long rainy seasons ahd .iiilder teaperature, it would be 
advisable to pay ^nore attention to fruit crops and grassland 
developoient. 

Group XI: Rainy season fro;a January for four months 

14.6.94 Region 54: There is only one region in this group 
with rainfall pattern C3 El (34) Cl 33. Rainfall is of the 
order of 10-20 cm pm for foUr months from January onwards. 

The precipitation will naturally be in the form of snow and 
has no direct significance from crop growing print of view. 

This region is entirely in Jammu and Kashmir with 11 taliiks, 
cropped'area being 0.12 per cent of all-India, The cropping 
patterns are as follows: 


i) 

Pd2 

A4 


il) 

Pd3 

i43/M4 ('^4/Pu4) 

iii) 

:cL- 

HA 

Bn4 

iv) 

ii3 

lV4 3a4 

V) 


Mt4 

3a4/W4 


Paddy and maize are the main crops with significant areas undei 
wheat and barley, Paddy is irrigated and has honce higher 
yields. Barley yield is low, ’.Vheat yields in the State during 
recent years are about 80 to 100 per cent of all-India level* 

14,6,95 More attention tn grassland and fruit crops 

» 

development may be desirable. 
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All India Cropping Patterns 

14.6,96 Just as crbpping patterns have been dravm up for each 
State and Region, it is both desirable and necessary to have an 
idea of the cropping patterns on all-India basis, such a list 
would bring into focus the major aspects of the crop structure 
of the country,iSven a cursory examination of the State lists would 
show that there are many patterns which are common; and this 
point has to be kept in view while drawing up an all-India list. 
For example, a crop pattern like Pdl occurs in several States but 
when considering for the whole country it would be listed as only 
one. Similarly, in patterns beginning with Pd2 which too has 
another crop, it wuld be more important to emphasise the 
predominance of paddy area (greater than 50 per cent) and 
therefore group together all Pd2 patterns into one showing the 
second crop, which varies, as alternate by oblique 

Pd2 Jk4/Jr4/Gn4/etc, The emphasis, similarly, on two or tl^ee 

/ 

Important crops in each cropping pattern has helped group 

together a nu^mber of patterns, the remaining crops in each 

pattern being shown as alternatives. The cropping patterns in 

the different States have been analysed on the above lines and 

a consolidated all-India list drawn up. The total number of 

all-India cropping patterns is 177 and these are detailed in 

Appendix 14,6 - Statement VI, The distribution of cropping 

patterns according to crops and their subscripts 1 to 4 

representing area intervals,is shown in Table 14,6, Cereals 

contribute 72 per cent of the patterns (128 out of 177), The 

maximum nuiber of 30 is with paddy and jowar crops. Wheat 

hJ 

and bajra have ^ and 19’ patterns respectively. Cotton is 
the next largest with 16, Groundnut has 9 patterns but 
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oilseeds other than groundnut only one. Fruits, tobacco, 
plantations and fodder have two each but there is none with 
sugarcane or tur. Pulses have in all fourteen patterns. 


Table 14.6 


NuTiber of all-India Cropping Patterns 
beginning with different crops and subscripts. 


Crop 



Total 



Pd 

1 

1 

10 

18 

30 

Jk 



6 

11 

17 

Jr 

1 

1 

H 

7 

13 

B 

1 

1 

7 

11 

20 

H 

1 

1 

6 

4 

12 

R 


1 

3 

3 

7 

W 


1 

9 

9 

19 

Ba 


1 

1 

1 

3 

Mt 

1 


3 

3 

7 

pulsas C14/177) 









a 


> 

1 

Pu 


1 

1 

5 

7 

oilseeds (10/177) 






Gn 

1 

1 

3 

4 

9 

0 




1 

1 

cotton (16/177) 






C 

1 

1 

5 

9 

16 

other crops ^9/177) 






L 


1 

1 


2 

F 



1 

1 

2 

Fr 



1 

1 

2 

Pt 



1 


1 

Ta' 



1 

1 

2 

total 

7 

11 

66 

94 

177 
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crop Yields 

14.6.97 In the foregoing analysis of the cropping'patterns 
in the various rainfall regions, only a brief and general 
reference could be mode to yield levels of crops and these 
mostly concerned the State yields. This, hov/ever, is not 
sufficient and a detailed examination of crop performance is 
both necessary and important v/hilo assessing suitability of 
different crops in the various parts of the country. District 
averages of yields based on data for three years, mostly 1968-69 
to 1970-71, are available for the main crops. The district 
averages have also been expressed as per cent of all-India and 
these, V 7 hich are termed as Relative Yield Index (%) values, are 
also available. Frequency tables of district Relative Yield 
Index (RYI) values are given in Tables 14,7 to 14,18 and 

14,20 for the following thirteen cropsj 

rice, maize, jowar (kherif), jowar (rabi) 
bajra, ragi, small millets, wheat, gram, tur, 
total pulses, groundnut, cotton. 

Here, only a preliminary analysis of the district yields has 

been made using the frequency tables mentioned above. Detailed 

discussions on crop performance in relation to rainfall 

distribution and various other aspects are given in chepters 21, 

22 on Foodgrain Crops and Commcrcical Crops etc. For c-nvenience 

in reference and use, Statewis.e and districtwise geographical 

and gross cropped areas' together with districts rainfall 

patterns e.re contained in Appendix 14,6 Statements vil and VIII, 

Rice 

14.6.98 Table 14,7 shov;s the frequency dj^stribution of district 
RYI Vcalues of rice together with the lov^est and highest district 
RYI in crch of the States, 



Table 14.7 

Frequency Distribution of District Relative Yield Index - Rice 
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About half of the total number of districts have yields less 

than 90 per cent of all-India and as many as 31 per cent of the 

district yields are less than 70 per cent of all-India. Only 

10 per cent of the districts have yields exceeding 150 per cent 

of all-India and these are confined to Tamil Nadu, Karnataka and 

a few from Punjab, Jammu and Kashmir and Andhra Pradesh, It 

should also be mentioned that ddriing the past few years Punjab 

and Hary^ne State yields have risen considerably and along with 

Tamil Nadu are among th^hlghest in the country; the crop in 

these States is almost entirely irrigated, A major feature is 

the high frequency of low yields in the States of Orissa, Bihar, 

Uttar Pradesh and Madhya Pradesh, Out of 117 district yields in 

these four States, 67 are less' than 70 per cent of all-India and 

43 are between 70 and 90 per cant of all-India, As these four 

States have about 60 per cent of total area under rice in the 

country, the low yields have affected the all-India average whlct 

for the period 1968-69 to 1970-71 is just 10,9 q/ha. The 

\ . 

high yields are associated with irrigated areas, 

14.6,99 Maize: Frequency distribution of district RYI of maize 
is glvon in Table 14,9, Of the 227 district where maize is grown 
62 yields are less than 70 per cent of all-India and 126 (56 
per cent of total) less than 90 per cent. Keimataka yields are 
the bq^t in the country and they range between two to fcuir times 
of all-India. Twenty two per cent of the yields exceed llO 
per cent of all-India,. In many cf the States the yields are low, 
The all-India average is only 10,0 q/ha, almost the same as 


rice. 
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14.6,100 Jcwar(kharif): Fraquoncy of 4istrict yialcls is. shown 
in T-ablo 14.9, Maharasl'.tra on.l Malhya Pradesh togethar accoimt 
for 43 per cent of total area mder this crop in the country^ 
taoro than 50 j er cent of the districts in these States have 
yields exceeding 110 per cent of ;-ill-Ihdia, Karnataka and 
Taiil Nadu yields are well above all-India. Lowest yields of 
lass than 50 per cent are in parts of Uttar Pradesh, Rajasthan, 
Haryan.a and Gujarat and these nay be due partly to the crop being 
grown for fodder purposes. Forty six per cent of the district 
yields in the co'Jntry are above 110 per cent of .all-India and 
about 25 per cent less than 70 per cent of all-India. In a 
nuubor of -districts in Karnataka which has a State aVverage of 
170 per cent of all-India, yields have exceeded two to three 
times of all-India, 
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14,6,101 Jowar(rabi): J.owar (rabl) is confined mostly to the 
southern States. The largest area is in liaharashtra but the 
yields are generally low; only 4 of the 19 district yields are 
above 90 per cent of all-India. Karnataka yields are better. 
The all-India average is less than 5 q/ha, , Frequency’ 
distribution of district RYI values of Jowar (rabi) together 
with the lowest and highest district rYI values in each 
State is given in Table 14.10. 



Table 14.10 


268 


Ph w m 
1—4 (1) •H 

d XI o 

+3 S -H 
O 3 tH P^ 
Eh d OX> 


d3 -P H 

‘MO O 
O CO O lO 
if—4 +9 I—t 


O O 
H Q CO 

I—4 -P rH 


O O O 
-P 0> 


O Op 
10 +* 


.1-1 i 

d d' 


! tn 0 uo 
w 

<D Pm O 
rH O -P 


O <0 lO 00 00 VO 
OVO 00 00 03 lO 
03 03 r-l03 HH 


O QO- CO to O 
to ^ 03 00 UO 1X> 
rH iH I—I 


03 H 00 Oi iH Oi >C> 
fH I—4 03 H D- 


H Oi 03 CO 

H 


03 O Q VO d* O 
O- ^ H 01 00 
i—4 rH I—4 rH 


OCOd^OOOlO- 
OOO 03 03 CO CO 
rH rH LQ CO 03 

r\ 

H rH CO 




rH 03 ; 1-4 : ! ^ LQ 


» • H 03 CO CO a CO 


' : 03 H 4> CO 

H H CO 


. . ! H LO LO H iri 
H iiq 


• ' 03 VO O' C7> 


H H 





269 


14.6.102 3a^ra: Taole 14,11 shows the frequency distribution 
of district yields in the different States. The all-India 
average yield is only 4,6 q/ha and the district yields show 
a wide r-inge fro i 15 yer cent of all-India in parts of 
Rajasthan to about 260 per cant in Gujarat, Uttar Pradesh and 
Punjab, The average yield of the country is on the low side. 
About 55 r ar cent of the district yields exceed 110 per cent of 
all-India and 25 per cent'yields are above 150 per cent of all- 
India. Hajasth-ui has the largest area of 4,7 liha with State 
average of 61 por cent of all-India and yield levels in out 
of 19 districts are less than 50 per cent, Maharashtra with the 
next largest area of 2 Mha has also similar low yield levels; 

5 out of 20 district yiel;ls are less than 50 per cent. Only 
Gujarat with a large area of 1,7 Mha has good yield distribution, 
15 out of 17 districts being above 110 per. cent. In Taail Nadu 
area is not large, (0,47 Mha) but 11 cf the twelve district 
yields are above 110 per cent. 
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14.6.103 Ragi: Table 14.12 shows fraquency dist^ributipn of 
district yields of ragi. The all-India averagq yield is 7.9 
q/ha. About half the district yields are less than 90 per cent. 
The highest of district yields hardly reaches oven twice of all- 
India. So'fle of the lowest yields are fro?ri iindhra Pradesh, 
Karnataka which has the largest area has all-India yield level. 
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14.6.104 Sraall -Aill3ts< Tabla 14.13 gives the frsquoncy 
distribution of iistrict yields. The largest area under saall 
aillets is in Hadhya Pradesh with I.? Mha (35 j or cent of 
tc'tal) an.l isndlira Pradesh is next \rLth 0.85 Hha. The average 
all-India yield is low and nly 3.8 q/ha. Thirty one i er cent 
of yields exceed 160 par'cent and 50 r^r cent are above 110 


cent. Although not requiring high rainfall, 30 ler cent 
yields (51 out of 168) are less than 70 j-er cent. Twentytwo 
of 29 district yields in Madhya Pradesh, 16 out of 21 In 


.mdhra.Prale^ and 9 cut of 22 in Maharashtra are less than 70 
Xer Cent. It is the low yields in these States that have 


depressed the all-India average. 
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14,6,105 iVheat* The all-India avoraga yield of wheat Is only 
12,2 q/ha. The fraquenoy distribution of yields is shown in 
Table 14,14, High yields ara raainly in the Punjab and 
Haryana with State averages of 181 and 162 cent of all- 
India. The highest district yields have not exceeded two 
and half tines of all-India; only Ludhiana has the highest 
yield of 244 per cent of all-India. There was no other 
district yield in the country with twice that of all-India 
though some are close to it in Punjab and. Haryana. A niajor 
feature is that but for Hoshiarpur district yield of 116 
per cent, the rest of the .yields in Punjab are higher than 
150 tor cent and five of the eleven are between ISO and 244 
per cent of all-India, The crop is alnost entirely; irrigated 
in Punjab and Haryana, It would be both relevant and of 
interest to incaation that Vast Bengal has taken to wheat 
cultivation in recent years and though the area is not large 
(0.3 to 0.4 Mha) the yield levels are close to Haryana and 
Punjab and tn-re than twice of all-India. 




U-V. H 




277 


14.6.106 Uttar Pradesh has the largest area under wheat of 
S.fi" Mha followed by Madhya Pradesh with 3,^ Mha; these two 
States together account for 50 per cent of total croji ed 
area under wheat in the country. In Uttar Pradesh two-thirds 
of wheat area is irrigated but the yield level is just all- 
India. Madhya Pradesh yield level is only 57 per cent of 
all-India, the extent of Irrigation being 16 par cent. Bihar 
and Rajasthan have also large areas of l.JLi^ 1«3^ with 
yields of tho satae - ord e r -ae all-India though the extent of 
irrigation is 51 and 66 per c^t respectively. Of the 43 
districts in Ma<tiya Pradesh 10 districts have yields loss than 
50 per cent and 24 districts between 50 to 70 per cent; the 
range in yields varying between a low level of 32 per cent to 
a (uaximura of 95 per cent, 

14.6.107 As may he expected because of the less favourable 
temperature and other conditions wheat yields in the southern 
States are very low. These range between 13 to 34 per cent 
in Karnataka and Andhra Pradeshj Maharashtra is not much 
better, the State average being only 40 per cent. But for 
these states the all-India average would be higher. 

14.6.108 Gramx The frequency distribution of district yields 
of gram is shown in Table 14.15. The all-India average yield of 
gram is 6,7 q/ha and 23 per cant of the district yields are 
above 110 per cent of all-India. A general feature is the 
large number of low yields of less than 90 per c^t of 
all-India in almost all the States. Only Punjab and Haryana 



yields are good with averages of about 130 i or c.jnt, rh Utjh 
Uttar Prade^ has a number of districts haviiig low yields, 
it has also about 6o lor cont districts exceeding 110 i or 
cent of all-India and two district yields exceed 150 i'er 
cent; the State average being 115 i;ar cent. Fifty two 
district yields out of 53 in the States f Maharashtra, 
dndhra Pradesh and Karnataka are less than 70 jor cent 
and in none of these States the yield has exceeded 71 
per cent,’ 



Table 14.15 
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14,6,109 Tur: Table 14,16 gives the frequency dlstrl juticn 
of district yields of tur, toe third of the district yields are 
less than 70 per cent and about 25 per cent are .nore than 130 
per cent of all-India. The low yields are largely 
concentrated in the southern States, The all-India yield is 
only 7 q/ha. 








282 


14,6.XE0 Total Pulses: Table 14,17 shows the froc lo-cr 
dlstpibution of yields of total pulses,Ab-out a fifth f 
the district yields are less than 60 per cent of all^Indii 
level. Low yields are Concentrated in M adhya Pradissli, 

Gujarat and the southern States* ^or exatiple, in ;jidhra Fraiesl: 
the yield level of 20 out of 21 districts is less than 50 
per cent. Higher yields are mainly in the northern States. 

Of a total of 66 districts in Uttar Pradesh,Punjab and 
Haryana, in 46 districts yields exceed 150 per cent of 
all-India level. Only f<^/W district^ yields out of ^ from 
the other States/aro as high as 150 per cent. 



•-^qaancy Distribution of District Relative Yield Index - Total puls 
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14.6,JX1 Gromcinut: Table 14.12 sh:'ws the froqu-nc:' 
distribution of district yields r.f groundnut. Gu^Mr .t; a 3 
the largest area under groundnut nearly 26, for o-^nt f total, 
and .'uidhra Prad.esh is next with 20 per cent, iiaharashtra, 
Karnataka and Ta.iiil Nadu, each accounts f r 12 tc) 14 1 or cent 
area of arcx under the crop. The nuaber cf district yields 
e/tocodlng 150 per cent is scaall or negligible. The yields 
of GO per cent of the districts are between 70 to 110 i cant 
of all-Iodia level. Frequency of high yields of above llO 
per cent in States with larger covercage is sa.ill except 
for Taail Nadu where all yields exceed 100 per cent. A few 
reJiarks concerning Gujarat yields may be of interost. 



Frequoncy Distribution of District Relative Yield Index - Groundnut 
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Table 14,19 sboi/ 

ra the yields during 

the fiv 

e years 


to 19”! .'’C fcp ■: 

•he ma-'.ri States, 





'■Jable 14.19 





Groundnut yields 


(q/ha) 


State 

1967-68 196P-69 1969-70 

1970-71 

1971-72 

Ci:.J ar at 

7.3 4.6 

6,3 

10.4 

8.7 

Ma harh. to a 

7.1 7.1 

6.5 

6.6 

6.2 

Karnatnl':a 

5.4 6,9 

6.1 

7.3 

7.3 

i^dhra Pradesh 

7.6 7,6 

7.7 

7.7 

7,6 

Tamil Nadu 

9,7 r3.3 

8,5 

0,7 ■ 

9.2 

all-India 

7,6 6.6 

7.2 

8.3 

7.9 


In Ta^iil Nadu and /in:lhra Fradash the crop is about 13 jar cent 
irrigated, Gujarat shows large variations while the other 
State yields are raore stable. The high variability of ra,infall 
in Saurashtra (Gujarat) where the crop is concerltratod, could 
be a significant contributory factor to large fluctuations, 
14,6,112 Cotton* The frequency distribution of district yields - 
of cotton is given-in Table 14,20. A good feature is that a 
third of the yields exceed 160 per cent of all-India. Of the 
46 yields in this group, 24 are froi Punjab, Haryana 'ond 
Tamil Nadu where the croj- is almost entirely irrigated and 13 
from Gujarat, where it is mostly rainfod and irrigated area 
is about 15 per cent. The highest yields recorded are 3,4 to- 
3.6 times of all-India and these are from Punjab and Tamil Nadu, 
linother equally important feature is the large xorcentage C41) 
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of low yields of less than 9o par cait of all-India 
Goncantratad in the States of Madhya iTadestij Maharashtra, 
iindhra Pradesh and Karnataica, where the cmp is almost 
entirely rainfad,Thirteen of the 21 very low IsL^ds of less 
than So per cent are froa .^dhra Pradesh, Maharashtra has 
the largest area v»dar cotton in the ccmtfy hut its yield 
level is hardly half of all-India. The variovis problems 
connected with rainfad and irrigated areas have been 
considered in detail in Chapter 22 on Ccaiaorcial Crops. 



Tablo 14,20 
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In paragraphs 14.6.98 to 14.6.112, yiolds h?.v.: j': :i 
analy&ed.i’oT each, crop individually. To obtaiii bro,-.:: 1: . 
of the pcrfoimance of crops in eo.ch of the 3tat..;s, it vovld 
be necessary to specify a liciit for crop yield as s leisf ac 
Average yields exceeding 110 per cent of all-Indir. could be 
regarded as a satisfactory base for . a proliniinaiv genorrj 
survey. Table 14.21 gives the pcrcent.age of district 
average yields exceeding 110 per cent of all-India for the 
various crops in different States. In Punjab and Haryana 
v/ith a high percentage of irrigation the percentage share 
of RXT values exceeding 110 per cent of .all-India is good 
for most of the crops. Tamil Nadu is nearly similar except 


for wheat and pulses, /jnong rainfed St.atcs, GuJ.arat yields 
seem very satisfying for a number of important crops. In 
Eiaiiy of the States yields a.ro high for a few individuci crops. 

Table 14.21 

Percentage of Districts in each St.ato having HYI 


V.alues Exceeding 110 - Ci*opv7ise 


St Lite 


..ssara 

13 

0 



West Bengal 40 




Orissa 

0 

0 



Bihar 

0 

0 



Uttar 





Pradesh 

2 

16 

57 

75 

Himachal 





Pradesh 

0 

100 



Jammu and 





XaslTuir 

33 

11 


100 

Punjab 

91 

91 


90 

H-'-ryana 

67 

17 

0 

86 

Raj asthan 

11 

0 

12 

16 

CruJ arat 

0 

0 

6 

100 90 


Hadliya 

Pradesh 


0 6 67 100 2 ^ 


;jidhra 

Pradesh 67 43 24 l4 45 

iarn.itaka 95 100 94 67 40 

Tamil Nadu 92 11 100 100 92 

■fcrala 90 0 


R ■ 

lit 

w 

G 

t.-l 
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Tot-.a In 
pul¬ 
ses 

' r% 
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0 



11 

60 

11 

25 

22 

31 

90 


8 

75 

0 

13 

53 

35 



0 

100 

22 

60 

\o 
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96 

44 

100 


67 

0 

33 
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90 


90 

78 

91 



100 

70 


100 

\j 

100 

0 

20 

13 

•1 0 
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0 

12 


33 


64 

78 

0 

0 

f \ 

12 

9.1. 


0 

0 

2 

32 

A 

0 

0 

42 

32 

.0 

0 

4 

0 

21 

19 

14 

5 

0 

0 

0 


24 

5 

0 
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0 

6 

11 

37 

0 

67 

100 
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0 
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100 

75 

75 
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100 
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state Cropping Patterns 

14.6.114 Working papers were prepared In the Coraaission on 
Rainfall and Cropping Patterns of the various States and 
discussed with the respective State authorities. The 
following points were raised in the course of discussions;- 

i) existing cropping patterns efficient 

from agronomic as well as economic point of 
view? 

ii) If change is necessary, which are the areas 
whore changes should be made? 

iii) In the case of existing cropping patterns 
being acceptable at some places, what 
is the scope for increasing productivity 
and how is this to bo achieved? 

iv) In areas where change is considered 

necessary, what arc the recommendations 
regarding substitute crops? The changes 
may be indicated separately for rainfed 
and irrigated conditions talking into 
consideration the soil factor also, 

ibi idea of the scope and extent of the working papers on 

R.-ijLnfall and Cropping Patterns of the different States 

may be had from the abridged sample of Xamataka State 

Report given in ..ppendix l4.9. In a number of States, 

Committees of experts drawn from the various concerned 

departments and local agricultural university were 

constituted to consider the points which emerged from a 

discussion of the Working Papers. Five States, kamatalca, 

ICerala, ^^aharashtra, Assam and Orissa have made a.vailable 

to us their remarks and comments and these are briefly 

siimiiiarised in the succeeding paragraphs. 

14.6.115 Orissa: The State has suggested cropping patterns 
for four types of land on the basis of topography viz., 
very-high, high, medium and lov; lands for the rainfed areas 
and for high, medium and low for irrigated areas. In the 




existing cropping patterns, paddy is the major crop aii'i c.: t ;..i 
Pd1 or Pd2. They have pro:Posed a nninber of changes. For 
example, in the case of Jalaswar (Balasore district) vdiile Pd1 
is the existing cropping pattern, the suggested crops are as 
follows 

Rainfed areas 

high land Pd - W/O/Gn 

Fb - V//0/Gn 

medium land Pd - Pu/(P 

Fb - Pu/0 
Fb - Pu/0 
Fb - Pd - 0/Pd 

low land Pd - Pu/0 

Fb - Pd - 0/Pu 

Irrigated areas 

high land Pd - P/V/W - Pu/0 

medium land Fd - Pd 

Fb - Pd " Pu/0 
Fd - Gn/Pu - 6 

low land Pd - Pd 

Fb - Pd - Pd 
Fb - Pd - Pu/O/V. 

ICerala; There are considerable variations in 
topography in the State. Plantations and paddy are the main c 
crops with some tapioca. In drawing up the recommended patterns, 
they have been given separately for valley, slope and hill top 
areas. In the first area (which covers Onattulcara) their 


suggestions are; 

valley 


autumn (virippu) 
winter (mundaJ^an) 
summer (punja) 

slope 

perennial 

intercrops 


rice 

rice 

sesamum, cov;pea, vegetable, 
cuciirbits 

CO conut 

groundnut, rice, pulses 
(cowpea, green gram, black gram) 
banana, tapioca and tuber crops, 
foddergrass 


hill top only raised garden lai^ids. 

i Orissa (jovemmeht’s 'report on rainfall and C3ip);;oing patterns 
forms Appendix 1^.8 - Statement I. 



The existing cropping patterns are th:^ ciutliIc/gIv er.:'or': of the , 




generations of farmers who through triai end orror h'.ve 
evolved a system based on the naturrl rosourCw endovments such 
as altitude, rainfcill, topography, soil etc. Thus, ii'i the 
high ranges of ICerala, tea, coffee and cardamom are grov/n 
shov;ing preference for cool humid climatic coiiditicns and well 


drained soils. In the higiHand region, rubber, pepper, 
coconut etc. arc found flourishing as high raiiifall and 
extremely undulating topography provide moist but well 
drained soil conditions. In the midland, whore the topography 
is mild, a variety of .annual and seasonal crops are grovm 
which are quid ripening and requiring frequent disturbance 
of top soil. Rice and coconut are the tv/o mail"! crops in the 
coastal low land. In general, valleys are put to crops that 
tolerate excessive moisture such as rice. Th.) hill tops 
and slopes of steep gradients, especially the aipper portions, 
are put to perennial crops such as rubber, coconut, 
cashewnut etc, which can stand the moisture stress of the 
sioramer months and do not require disturbance of the soil 
that accelerates soil erosion. The slope v.’’ith v-ild . 
gradients are put to seasonal and annual cixjps which entail 
disturbance of top soil but v;il.l not result In soil 
erosion. The lov;er portions of the steeper slopes are 
put to crops arecanut, popper etc. demanding moist but v;ell 
drained soils. Ef& rts have been made to identify the 
agronomic environments obtaining in the various areas by 
them. By juxtaposing the agronomic requircrnients of the 
crops over the agronomic conditions obtaining in the 
agro-climatic zones as identified by them the cropping 
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patterns suited to each of the zones were dravsi up. 

Appendix 1^-.8 (Statement II) contains recommended patterns 
for a fev/ areas taJcen from thair report. 

14-.6.117 Assam; Paddy is the dominant crop with seventy 
per cent or more area in general vj'ith soma jute end 
plantations. The crop structure dravm up covers separately 
the three belts rice, jute and flood affected areas and 
for the three periods summer, kharif and rabi. VJhile paddy 
will continue to be the main crop, anphasis vrill be on 
production of high yielding varieties (HYV) and increasing 
the area under rabi crops. They are also including fodder 
crops in the future crop patterns because of their 
importance in expanded animal husbandry programmes. Production 
of pulses will be encouraged. They are also taking up the 
question of perennial fodders such as grasses. Fodder should 
be grown as an intercrop in the Reserve Forest areas as v;ell 
as on the hill slopes. Further experiments are proposed to 
evolve cropping patterns based on soil profile and 
irrigation facilities and also in the perennially flood 
affected areas such as Majuli, Sadia, Mankachar etc. 

Extension of irrigation facilities has become imperative 
in view of the expansion of rabi crop and changing pattern 
so as to advance the autumn paddy sowing date. The crop 
structure proposed by thorn is given in Appendix 14-.8 
(Statement III). 

14-.6.118 Maharashtra: The State is divided into sixteen ■ 
rainfall zones. The major crops of the State are jox/ar 
(kharif and rabi), bajra and cotton. The State has oxaiainad 
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the existing cropping structure iii cac}-: rainf .1.1 :vo::.; '.:i4 
sonc suggestions for nodification. Thc3^ have stp .a- 'ad th:, 
need for incrovasod use of high yioldng vari-.'til .-s, 
conservation of moisture by v/ator harvesting teciinirnios 
and increasing irrigation potontiel and diversion of 
submarginal ai^id marginal lands for pasture and dairy 
development. Lover jovar Icharif yields are attributed to 
cultivation on even . shallov; bla.ck soils and partly due 
to loss intensive cultivation methods. Cotton j’^ields in 
the State are very lov.’, loss th.:n 50 per cent of all-India. 
Thej'" have suggested the cultivation of hirs'atuiR varieties 
and their extension in place of c;rborieu:n varieties which 
are talcen at present oven in deep soils. Cot'bon on marginal 
lands should be diverted to hybrid^iajra and Iiybrid jovar. A 
few illustrative examples from thoir report are given in 
Appendix 14.8 . StatcLiont 17,-. 

14.6,11^ ICamatalca: The existing cropping patterns in 
different taluJ:s have been criticallj’’ cataminccl in relation to 
the agronomic end economic feasibility for each crop. 
Suggestions for substituting the existing less efficient 
crops by more efficient ones are based on (a) ouientity and 
distribution o.f rainfall (b) soil type altitude L-nd 
topography (c) nature, extent and quantities of irrigation 
water ava,ilable (d) existing crop ^ii'uj patterns (e) available 
research data (f) experionc; and observe tier.;:: of scientists 
and (g) existing agricultural dcv-ilovimcnt pix.'gre;:iiaes. 
larnatalca State has 26 rainfall patterns and thus the 
State is divided into 26 r?.i:ifall zones. The 3t,:.to has 
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for conveniencG grouped thorn according to (a) coastol 
bolt (b) ghat region (c) transition bo3.t and (d) dr:; 

The cropping patterns under each rainfall pattern ricne 
have boon analysed end suggestions loade. A feature of 
the report prepared by the State is detailed Information 
on rainfall, existing crops, areas covered end crop 
yields. New crops to be tried, suggestions for change in 
practice end roconmended cropping patterns are given for 
each of the taluks of the State. The ro]:x3rt on cref-ing 
patterns for different rainfall zones and agro-cliniatic 
regions of Karnataka State made available to the Ctonnnission 
has been published in the University of j^gricultural Sciences 
Tecl'inical Series No. 1 (1973) by the University of 
Agricultural Sciences, Bangalore. V/o are reproducing in 
.Statement V, Appendix l4.7 four examples from the report 
to illustrate their approach; one of thi) taluk tables is also 
included. 



7, SUGGESTIONS FOR FUT'JRS 
CROPPim PATTERNS 


14,7.1 Five steps are visualised in the for MiOatio/. 

of future cropping patterns. These are: 

i) Delineation of rainfall patterns. 

ii) Identification of the existing cropping 
patterns. 

lil) An idea the area needed for each 
crop for national self-sufficiency 
and Ideal location for its distribution, 

iv) Juxtaposition of (iii) over (il) and 
studying them together with (i) in 
order to determine possible changes. 

v) Consideration of related factors like aoit!, 
irrigation, pressure of population, 
needs of livestock, proportion of forest 
vegetation, cropcd area, etc,, and then 
arriving at the future cropping patterns 
on the basis of (iv). 

The scope of the study commenced within the Commission 
envisages ultimately the inclusion of all the five steps. 

The Working fhpers on States discussed vrith the State 
officials and experts already contain information on rainfall 
patterns, existing cropping patterns and related factors 
and, therefore, it was thought advantageous to set 
in motion the process of thinking at the State level 
independent of the efforts Initiated within the Commission, 

A brief summary of the comments and suggestions made by 
five of the States has already been given in the 
preceding Section, We would urge the remaining States 
and Union Territories to prepare similar studies on rainfall 
and cropping patterns of t-'.eir respective areas urgently 
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on a priority basis. The future* cropping pottorns ot ^..-cn 
Stnto^'^Union Torritory should bo discussed at variaus 
levels to enable impi-ovcnionts in tho cropping p''tt 'rns lor 
incr..as„c production one productivity, Tho potential 


yields for various crops by 2000 AD have been indicated in 
Chapter 21, 22 on Foodgrains Crops/ Com'aerclal Crops etc* 
After each State has prepared and discussed Its suggested 
patterns, these would have to be tested in the relevant 
areas and demonstration held to convince the farmers of 
advantages of the ’^ew s’'-igg3stions. 

Cropping Patterns under Different Rainfall Distributions 

14,7,2 Reference vrill now be made to some of the 
main problems of Indian agriculture under different rainfall 
distributions in the country* A major feature of the 
country’s agriculture is its large dependence on only 
two good rainy months of July and August during the 
southvjest monsoon months of June to September which form 
the principal rainy season of the country, v/hat is, 
however, needed is as stated earlier in Section 2, that 
rainfall of the same type is required for not less than 
three consecutive months for grov/ing different types of 
crops satisfactorily. Table 14,22 gives the percentcage areas 
under different rainfall types and categories* 3n this 
Table, district (and not taluk) rainfall patterns contained in 


Appendix 14,6 Statement Vll have been employed. This was 
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done os yield data are available for districts only. The 
areas shown in Table 14,22 would, therefore, not be the 
same as shown in tables of sections 4 .and 5, the differences 
being genera-^ ly small. 


Table 14,22 

Areas under Different Rainfall Types/Categories 


Type/category 

Ffer cent 

of ' 

Per cent 


all-India gross 

irrigated 


cropped 

area 

A3/A4 

6 


12 

A2 to B2 jj 

A 

Bl or less ^ 

44 

1 91 

18 

47 

0 

26 

unaccounted due to 

1! 



lack of data etc. 

0 3 

0 



B3/B4 

3 

• 0 

5 


C3/C4 

9 

0 13 




0 


D3/D4 

1 

0 



A2, Al, E2, Bl C 
C2, Cl 
D2, Dl, E 


78 


14,7,3 The areas under the same tyne of rainfall 

distribution for at least three months is less than 
20 per cent. Thus, over about 80 per cent of the gross 
cropped area of the country, rainfall distributions 
only partially satisfy the criterion for growing 





different crops successfully. Irrigation supnort is 
also not adequate, being only 20 to 25 -per cent, tinier t’:esn 
conditions, it irould be necessary to concentrate atte-'ition not 
only on the drought prone areas as usually understood -and 
classified but also on the remainder of the area which is of 
the order of 50 per cent. Wote in this connection should 
also be taken of the high variability of Indian rainfall even 
in the rainiest rionths of July and August (Chapter 13 on 
Cllaate and Agriculture). Besides riverine or water - logged 
conditions affect the crops in Uttar ft^adesh, l%dhya Pradesh, 
Bihar, West Bengal, Orissa and Assam v/hich have A2/B2 or 
A3/A4 rainfall types. It v^ould therefore be alnost 
futile to raise alarm against floods and droughts because 
these conditions are OTit large over the country’s weather 
patterns. Granting of loans or taking similar ameliorative 
measures could only be instant remedy but not a solution 
to these chronic problems. Crop insurance has also been 
suggested in this connection, A Committee set up by Government 
of India in 1970 held the view that this would not be feasible 
in the near future but suggested experimental trial schenes- 
The position has not materially changed since then. This 
subject has also been considered in Section 8 of Chapter 
55 on Credit and Incentives. We therefore, feel that a 
permanent solution lies only in reorienting farming let^'Ods 
to the realities of the weather situations as prevail 
in the country. Combinations of A2 to B2 categories 
though partial, represent the next best categories after 
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tho i'lo-il cc-n'lltlons of B 3 /B 4 irv3 C 3 / 64 . Thnso 
c-itegorios cover the follcvino' ■’.ro-.s* 

Distribution of Gross Cropped Areas 
of States in A 2 to B2 categories of 
rainfall 


Jfost area 


Half area 


Pirt area 


Hiaachal Fbadesh 
Uttar Fi-adesh 
Hachya F!radesh 


Jan-nu & Kas’aair Punjab 

Haryana 

Rajasthan 


Bihar Gujarat 

Orissa 'iaharashtra 

West Bengal Andhra Pradesh 

Kerala 

Of the above, the contiguous States of Uttar Pradesh, 

Madhya Pradesh, Bihar, Orissa, West Bengal together v:ith 
the northern parts of ’Maharashtra aooount for ab^ut 45 
per cent of the average gross cropped area of the country 
and about 60-65 per cent of the areas under vhe.at and rice. 
An idea of the perfor'nance of sone inport ant crops in 


these .areas could be had fron the follov.Mng yield data. 

Relative Yield Index (RYT=State value expressed 
as percentage of all-India) of selected Crops 


(1968-69 - 1970-71) 


State 

Rice 

Maize 

J owar 

Bajra 

Pulses^^^ 

Cotton 

Wheat 

Gran 

Uttar Pi’adesh 

70 

89 

118 

149 

212 

131 

100 

115 

Madhya Pradesh 

72 

71 

12 i 

118 

83 

65 

57 

78 

Bihar 

71 

90 

90 

111 

158 

214 

73 

99 

Orissa 

85 

77 

139 

158 

133 

256 

102 

88 

West Bengal 

111 , 

84 

a) 71 

124 

109 

159 

- 

170 

115 

Maharashtra 

99 ( 

89 

77 

74 

56 

40 

44. 




a) includes Konkan area (A3-4) 

b) other than tup and gran 



But for joi-nr, bajra and pulses, the yields of crops in 
their areas of importance are either subnormal or not 
coraaensurate vrith the soil and other available resources* 

This is an alarming situation particularly for rice, 
maize and cotton in so far as kharif season is concerned* 

It should be clear that Ihdlan rainfall by itself is not 
sufficient to sustain a rice crop over vast areas of the 
country; it is suited most to crops like millets* If rice 
or other crops have to be grovm with high standards of 
yield, the situation warrants careful examination for adoption 
of suitable means* 


14*7*4 Some important combinations of rainfall between 

A.2 and B2 types are given below together with remarks on 
their dciTects and suggestions for improvement)*- 

(i) A2 B2 - This is the best condition nejjit 

to A3~4 for rice cultivation. With 
suitable water conservation techniques 
the position of water availability 
could be improved in B2 montxhs 
v/hich are invariably the months 
of Juno and September* 


(ii) A2 Bl Cl - This condition is not congenial 
Ai no n rice except in low lying 

A2 or Al Bl (September 
A2 C2 not counted) conditions in July 

and August are good for crops 
like maize, soyabean and urid, 
provided that there is no water- 
logging. For other crops, A2 or 
Al conditions are harmful \/ithout 
proper drainage* 


(iii) B3 Cl - B3 or B2 Cl (June not counted) 

conditions in July - September 
B2 C2 period are good for most of 

Kharif crops provided that there 
is even distribution and no 
v;ater-logging. 
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(iv) B2 Cl - Rainfalls insufficient during 30 3 

periods requiring water co-ViS 3 rv 3 ti''n 
techniques.* ^foreover water-logging, 
when occurring due to concentrated 
spells, has to be,countered with 
reiedial ineasures* 

Rice crop is prone to suffer in the rainfall categories 
A 2 to B2 unless due provision is nade in the rainy laonths 
to collect and store water for irrigation in the lean 
spells or months. For other crops, there is always a 
danger fron water-logging, which condition can be avoided., 
(a) by agrono:'aic methods like laying rows of the crops 
across the slope, (b) taking the crop on ridges and (c) by 
draining excess water and collecting it in suitable 
situations* 

14*7,5 The problems of aroas with B1 or less rainfall 

are critical in the absence of supplementary sources 

of water supply. The distribution of areas is as follows: 

Distribution of Gross Cropped Areas in B 1 
or less categories of Rainfall 

Host area ‘Half area Fhrt area 

Rinjab Jammu & Kashmir Hi lachal Fi-adesh 

Haryana Uttar Ftadesh 

Rajasthan "hdhya Hcado.sh 

Gujarat 

Maharashtra 

Karnataka 

Andhra Hradesh 

Tamil Nadu 

The percentage of irrigated area corresponding to tb© 
gross cropped area of the concerned parts of these 



States is: Ja^n^u & KashTilr 60, Rinjab SO, Haryana 43, 

Uttar Rradesh 64, Andhra Pradesh 31, Tamil Nadu 46, rest of 
the States below 15. The success of crops in many of these 
States is intimately related to irrigation. I'^oreover, 
the States in the north and south receive re-ainfall in 
one or more months of October to February -also. As ^'fill 
be seen from discussions in the Chapters 21, 22 on Foodgrains 
Crops, Conmercial Crops etc. the success in Gujarat is 
partly due to better farming methods too. VJherever all 
these conditions are not possible, the performance is low 
and those are the very areas which are designated as drought 
prone. The uplift in those areas- also depends in principle 
upon the methods which have been suggested here in the 
foregoing paragraphs. 

14.7.6 An Important way of bringing success to 

crop cultivation in rainfed farming is through adjusting 
the tine of sowing to such a date of commencement of 
rainfall which could ensure a reasonable supply of soil 
moisture to a given crop at least to begin with. To 
provide a second line of defence, one has also to keep 

ready a schedule of other crops which could be sown 

depending upon the early or late occurrence of rainfall 
so that the chance of complete failure inherent in 
placing reliance only on one date and one crop could be 

minimised. Some studies to determine probable dates of 

sowing based on meteorological conditions have already 
been initiated in the India >feteorological Department.^ 


1 Raman, C.R.'7., 1974. Analysis of Commencement 
Rains Over Ifeiharashtra State for Agricultural 
Poona, Ifeteorological Office, 'leteorological 


of >Ionsoon 
Planning. 
D6p3ptniGnt< • 


These should be co^apleted for the entire country in 
close liaison ■'.•''Ith the scientists of Agricultural 
Universities and other concerned institutions so toat 
the results after trial-s could be adopted v/itn advantage 
in a practic-al inanner* The prognosis of an all-India 
character has priuarily to ensure that the area and yield 
levels nust meet the changing needs of the country. This 
can obviously be done at the national level only for t’le 
major crops, but in this process many other equally vital 
crops, uhich either occupy less area or are of local 
importance only, are left out. These crops ares 
some bast fibres, sugarcane, tobacco, potato, vegotables, 
various condiments ^and spices, fruits and plantation crops. 
I-foreover, full Justice cannot be done in abroad national 
prognosis to local, edaphic, ecological, economic and 
social factors. Therefore the cropping patterns to succeed 
must evolve from the louest level. This is going to be a 
long drawn process, in v/hich the present efforts represent 
only a begin-'ing. Even when local experts have developed 
the patterns, these 'javo to pass the test of time in actual 
practice and in that course night require modification 
again and again. Thus, the determination of future 


cropping patterns is going to be a continuous process 
for sometime to come and until a fair degree of stability 
has been achieved, it \:ill be difficult to assign the same 
aritibretic accuracy to different crops in fixing their 
proportions as has been possible in the case of existing 


cropping patterns 


17’iat is outlined in the following paragraphs 



concerns the laying down of certain principles around -.'hicn 
a continuous thinking can go on for modifications. 

General Observations on Future Cropping Patterns 

14.7.7 Rainfall distribution with regard to monthly 
amounts and spread have been analysed and presented in this 
dhapter* Some of the inferences that can be drawn are 
discussed in the context of present cropping patterns and 
future possible changes that can be brought about in 
cropping patterns* We have attempted to give the guidelines 
in Karnataka Report and also for each crop in the Crop Chapters 
Ifence, it is intended to indicate hare general principles on 
which changes could be attempted. 

14.7.8 It has been pointed out at a number of places 

in this Chapter that for raising a certain crop, certain 

types of distribution of rainfall are required for a specified 

period. It has been indicated that for paddy, rainfall 

of more than 30 cm pm is required for at least three conseoutiv 
months and for mnizo it is atloast 20 an por month 
and for bajra 10 cm pm. Such ideal conditions prevail only 

in small areas in the country. Si most parts of the 

country, hov;ever, the rainfall distributions present 

combination of tv:o to three classes of rainfall amounts. 

For instance, there is a vast area with A2 B2 pattern, viz. , 

30 cm or more in two months and 20 to 30 cm pm in the 

remaining two months. Si some areas. It is only one month 

with A type, another month B type and third month v^ith C 

type and so on. Si about 25 per cent of the area, 

precarious conditions prevail^ rainfall being 10 to 20 cm pm 
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in not more th.an two months in a year and thoao are 
not even consecutive months in some areas* The rainfall 
amounts indicated here are no doubt on an average 
but the extent of variability of monthly and 
seasonal rainfall is discussed in Chapter 13 on Cliiati 
and Agriculture. Variability is large from year to year 
ivhich implies that in some years rainfall is more th.an 
normal, vmile in some others it v^ould be lov;er* It has been 
usually observed in a three year period t^at one year 
is normal, one above and the third below normal* The 
situation in the low rainfall areas is very much more 
precai'ious because of higher variability* Only t^ro out 
of five years have normal or above normal conditions 
thus reducing the chances of even fairly good yield 
to tv/o out of five years* The position worse^as further in 
slopy lands and lighter soils. Where the soils are heavy 
and retentive and where the lands aro level, the position 
Improves, Taking all these factors into consideration, steps 
required to be taken to increase and stabilise agricultural 
production in these areas should be worked out. One of 
the ways, no doubt, is to provide irrigation facilities. 

We would likfci to state here that highest priority should 
be given to these regions in providing facllitios for 
bringing as much area as possible under irrigation 
through all means. The first step should be to 
provide flow irrigation through large medium and 
minor irrigation works. Second step, v/ould be to 
explore the possibilities of tapping underground water 
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resources v/herever available* Detailed survey should be 
undertaken to locate underground v/ater resources* Care, 
however, has to be taken to see that the resources are not 
over-exploited but that all necessary steps are taken for 
recharging arrangeaients* In addition, arrangenents should 
be tnade to hold as much water as possible in farm ponds 
and in valleys by taking appropriate measures for gully 
plugging wherever possible. Adoption of all kinds of water 
harvesting techniques x^rithin each holding as well as outside 
on community basis will also help in stabilising production. 
Continuous improvements will have to be brought about in 
farming systems applicable to various local situations* 

14*7,9 In spite of all the measures suggested above, 

there will be need for changing the cropping patterns 
themselves* Because of pressure of population, land has 
been opened and used Irrationallly • land use planning has to 
be done and implemented on scientific basis* In any 
scheme of land use planning, consideration will have to 
be given to the existing as well as future needs and the 
system of farming suitable for the land* At present, there 
is too much emphasis on arable crops irrespective of 
the suitability of land or sufficiency of rainfall* V/ith 
the hope that the year would be normal or above normal, 
crops have been chosen and grovrn all these years, 

14,7,10 All arable crops need rainfall on time but 
rainfall in these regions is most uncertain* It may be 
early or late. Crop failures are more often due to 
unseasonal rainfall rather than due to shortage in total 
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anioants* Even in years of low total raiafall, the yields 
have been observed to be quite high if the rainfall is 
timely and X'/ell distributed. Di one of the studies, 
it has been shown that v;ell distributed rainfall 
of just 15 cm d’oring the life span of bajra gave highest 
yield as .against the years xirhere the rainfall x/as nuch 
more but ill distributed. Well distributed rainfall 
may be expected only tv;o or three tines in a decade a It 
is, therefore, necessary-to restrict grovring of arable crops 
■ only to most favourable areas x^hich h-ave good retentive 
soils and are situated in valleys so that the rainfall 
that occurs could be x;ell-preserved in soil profiles and 
it would also be possible to adopt ’vater harvesting 
teclaniques* The remaining areas should be put under 
forage .and economic tree crops either as sole crops 
or in mixture. It is only by bringing abotit such 
ch.an.ges in cropping patterns that stability can be brought 
to agricultural production under rainfed conditions in 
these low rainfall areas. It would also be possible 
to convince the farmers to sX'fitch over to such crops 
only if it can be demonstrated that it is economic-al 
to do so and arrange not only for supply of Inputs and 
services etc. needed but also arrange for the use of outnut 
locally or for marketing wherever needed. All this is 
possible only if research efforts are intensirlod 
in this direction -and suitable recommondatioas developed 
as applicable to different regions. 



14.7.11 The remaining 75 per cent of the area 'in the 

country receives rainfall of •naore 10 to 20 cn pm 

or more for three months or longer in a year. It should, 
therefore, he possible in such areas to get at least one 
good crop in a year. What is needed, therefore, is to decide 
on crops i/hich fit best in different regions of the country 
taking into account the soil, rainfall and other factors 
into consideration. Every crop has a certain water use 
rhythm and every region has certain water supply rhythm. 

A crop can be said to be adapted to a region only when 
these two rhythms concur. The result would show up better 
according to the closeness of the rhythms. Attempt has, 
therefore, to be made to introduce such crops and varieties 
that fit best in the environmental rhythm of a place. No 
doubt, the existing cropping patterns have evolved through 
ages and they represent the local environmental situations 
and needs. Cropping patterns have to be flexible and should 
be adjusted to meet the changing needs taking into consideration 
the advances in tedhnology. 

14.7.12 The studies carried out in the Commission v/ith 
regard to rainfall and cropping patterns along with the 
existing productivity levels have clearly brought out 

that there is considerable scope for improving the cropping 
structure in different regions. It is dear that the 
synchronisation of the rainfall rhythm and crop rhythm 
does not appear to have been taking place in man37' cases. 
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Hence, ’.-/hlle discussing the cropping 
Ragions in Section 6, possible change 
14.7.13 One of the crops that is 


patterns in differe-it 
s have been indicated, 
widespread and grown 


under va.ryir.g co.nditions is paddy. As has been stated 
earlier, it requires rainfall of 30 cm pn for at least 
three consecutiva months, but paddy is being grov.ni even 
in areas where the rainfall is jnst 30 cm pn only in one 
month and without irrigation support. Di such areas, 
it has been shown that yields are very lev; and uncertain. 
Just changing over from paddy to crops like maize v/ould 
moan increased production by as much as tv/o to three 
tonnes of grains per hectare. Paddy yields in these 
regions are as low as half a tonne per hectare. Maizo 
yields under sane situations can be as much as 4 tonnes 
per hectare, ilh addition, year to year variations in 
production vrill also bo less. 

14.7.14 There are a number of such exa'iples in the 
country. It has been stated in earlioT Sections that the 
cropping patterns adopted in Gujarat can be a good example 
to prove hov; good yields can be obtained by adjusting 
crops taking the minimum in the pattern into account 
but not the maximum. For instance, if the pattern 
includes A, 3 as well as C classes of rainfall aiounts 
in each of the three months, then it is better to take 


the crops that require C or B amounts at the most into 
consideration rather than A. vjhile choosing the crops. 


The only problem, ^^^a0n choice is done in this manner, 
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is the possibility of excess water conditions developing and 
hanperi'ig crop growth during the nonth of A type rainfall 
can, however, be got over to a very great extent by providi^ng 
for drainage right fron the beginning, anticipating such a 
situation. This is probably done in raany areas of Gujarat, 

Even if A type occurs in one or two nonths in sone regions 
which provides a temptation for taking paddy, Gujarat farmers 
have not gone for paddy but appear to have been content with 
cotton, jowar or maize or such similar crops. The yields are 
above the national average in case of many crops in Gujarat 
which can be seen from Appendix 14,6 (Statement II). As 
against such a good performance in Gujarat, the yields of paddy 
and many other crops are low in many of the eastern as well 
as central States like Bihar, Uttar Flradesh, Orissa, %dhya 
Pradesh and Maharashtra, Paddy is being grown in these States 
even when rainfall is not sufficient for it and without 
irrigation support. Cotton yields in Maharashtra are much 
low as compared to Gujarat although rainfall patterns are 
not much different, 

14,7,15 ]h Andhra Pradesh, Tamil Nadu and Karnataka, 

the position seems different. All irrigation resources are 
Used for growing paddy instead of using these for growing 
other crops also under irrigation, taking full advantage 
of Irrigation to supplement rain water resources rather 
than supplanting it. There might be strong and valid 
reasons for doing so; but it is necessary to examine as 
to whether Water resources can be put to better use than 
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what is bei;ig done now both from socio-econonio point 
of view as well as from human nutrition and other 
agronomic points of view. It may be advantageous to 
divert some water at least for growing crops like 
groundnut, pulses and even jowar and maize for animal 
consumption and also fodder legumes with a view to 
build up and mantainlng soil fertility. There is a 
case for restricting paddy to one season only in the 
southern States when rainfall amounts are in higher 
ranges in one or two months at least and utilising 
irrigation water for growing various crops other than 
paddy,keeping the points mentioned above in view. It 
is necessary to give a serious trial to this suggestion* 

As stated earlier, farmers will, no doubt, switch over 
only v/hen it is demonstrated that it is economical to 
do so and the infrastructure is built to enable a smooth 
svrltch over. Research attempts are also wanting with 
these objectives in view and they should be Intensified. 

14.7.16 There is another example from Karnataka 

where in recent years maize is being taken in Tibetan colonies 
established to resettle Tibetan population that migrated 
to Sidia from Tibet, instead of paddy ^^rhlch is commonly 
grown in surrounding areas* These colonies are in 
'Mysore and Dharwar districts of Karnataka in the transitional 
belt where rainfall is not sufficient for paddy, but 
paddy is still the main crop in the region. The yield 
levels of maize on an average over a thousand hectares 



313 


or more have been of the order of 3 to 4 tonnes 
per hectare as against not even one toiine of paddy in 
surrounding areas. There are vast areas in the country 
vrhere paddy yields are lovr and the economy of the regions 
could be improved by changing over to maize, soyabean and 
cotton and thus release the paddy growing population from 
the shackles of poverty. Such potentialities are tremendous 
and as stated earlier, more research and extension efforts 
are needed vrlth these objectives# 

14.7#17 It is atoys argued that it is difficult to 
change cropping patterns because farmers are accustomed to 
growing the crops that they are grovring for ages and it is 
difficult to change the food and other habits# It is also 
argued that the existing cropping patterns are proven ones 
and have stood the test of time. 3n this regard again,many 
examples can be quoted where changes have occurred and 
farmers have taken to new crops# In the beginning of the 
century, groundnut \ms not an iraportant crop of the country, 
but no-w, Ijidia is one of the three leading groi3ij.d'rufc 
grov/ing countries of the vxorld# Even during 193Cs, groundnut 
was not in Important crop in many areas# Farmers of Bardoloi 
tehsil in Surat district of Gujarat took to vegetable gro’wing 
during war period on a large scale because it was economical* 
The;n they changed over to banana# After 1955, they took to 
sugarcane cultivation and a sugar factory is running 
successfully now. A factory was recommended and established 
when s'Jgarcane was not a major crop in that area. Farmers 
learnt the .art of grov;iag sugarcane in a short period and 
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they have been successful sugercine grov/ers. Sinil-^rly, 
increase of area unier naize especially in the souT;hern 
parts of ICarnataka where ■naize was unknov/n is another 
example how farners do talce to nev/ crops provided the 
necessary arrangements are made to educate them and for 
marketing the produce. The way Varalakshmi cotton 
hybrid spread to non-cotton areas when fantastic yields 
were reported and prices rule very high is a good 
example too. There are examples when a kilogram of cotton 
seed was sold at Rs 500 or more. Growing of wheat by farmers 
of v/est Bengal in recent years is yet another example* 
yields of wheat in Bengal and maize Im Karnatalca are on 
the high side* Mew crops of sunflower and soyrh'Shn 
getting popular in certain areas, ’'feny other examples 
could be cited but the examples given here should be 
more than sufficient to show that cropping patterns 
can be changed provided advantages of doirig so are 
clearly demonstrated. This implies greater research 
in the first instance and intensified extension efforts in 
later stages. Infrastructure needed is required to be 
built side by side. Apart from the suitabilitjr of the 
crop from the points of view of soils and climate the 
net return from the crop is also an Important consideration 
which weighs with the farmer in the choice of a crop. 

This factor has also to be talcen into account before 
the recommendations are made by the axte.'ision 
agencies, 
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14.7.18 We would like to renove any impression, if 
created, that the limits of rainfall used in the study 
are sacrosanct and that it is only the rainfall that 
determines the yield levels. These levels are based on 
general experience and from available data. Lower amounts 
than those indicated here may be sufficient for getting 
good yields when the lands are level and soils have better 
water-hoiding capacity. When soils are of sandy type and 
lands are slopy, the rainfall amounts indicated as 
sufficient may not yield expected results. Better 
distribution would be naturally considered desirable under 
such situations rather than just total amounts. In 
addition, temperature and other climatic factors would also 
influence the production to a certain extent, la spite o^-.: 
all these limiting factors which vary from field to field 
and area to area, the study has brought out that rainfall 
distribution patterns with a knovfledge of monthly variability 
could be used as an important basis in any scheme ter changing 
cropping pa.tterns. 

14.7.19 We have come to th© conclusion that the rain 
water resources are good over vast parts of the country and 
productivity of every bit of land in the country could be 
raised considerably bringing about improvement in the 
cropping patterns in different rcbio)ns in the country tsicing 
into account the rainfall patterns in general and t.al^iing 
lower limits of rainfall amounts in the patterns in particular* 
By adopting similar principles, produc‘:ivity can bo increased 
even in the remaining 25 per cent of the area where the rainfall 
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Is really vary low to precarious, as discussed earlier. 

Keeping in view the findings of the analysis indicated 
here, recoTimendations have "been nade v/ith regard to 
adjustinent of various crops in the va3>ious crop chapters 
in the volume.on Crop' Production, Sericulture and Agriculture* 
It can, therefore, be said that it is the way the 
rainfall resources are used which contribute to low 
or high production rather than the rainfall itself. It 
is not intended to minimise the depressing influences that 
droughts and floods have on production, but the situation 
can be improved by containing them in all possible ways* 
14,7.20 The changes will have to be brought about 

in the next 25 years as indicated in the crop chapters* 

The required steps will have to be initiated Immediately 

on priority basis for determining and adopting 

more suitable cropping patterns than the existing ones* 

The first step is to take up detailed studies on the 
lines indicated here and formulate proposals for 
launching research and extension programmes to achieve 
the main objective of putting every hectare of land in 
the country to its best use* The material as available 
in each of the State reports published separately vrill 
provide the basic information for carrying cut the 
analysis and studies suggested here. The data publlslied 
will have to be brought up-to-date and studied 
continuously. 
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14,7*21 To sum up, it can be said that Indian rainiall 

is variable from place to place, month to month and year 
to year. It is restricted to a few days in a year in some 
areas as in Ra;] as than and is spread over a lonr period of 
7 to 9 months in some areas like Assam and Kerala, This 
is a natural phenomenon and it is not possible to modify 
the same. When this is a known fact, it is essential to 
adjust the cropping plan to get the maximum yield per 
hectare on a sustained basis. The task is exacting and 
• challenging and, therefore, calls for matching action. 

14,7,22 A Report on Karnataka Rainfall and Cropping 

Patterns prepared on the above lines is given in 
Appendix 14,9, 
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14,8.1 The main conclusions and recommendations are 
summarised in this Section. Our observations and suggestions 
regarding cropping patterns in Rainfall Regions are as unders- 

i) Region la This is the area of lowest rainfall 
distribution in the country. Arable crops will 
have to be restricted to lew lying areas with 
good retentive soils. It is advisable to divert 
the areas from arable to forage and economic 
tree crops either as sole crops or in mixture. 

More research and extension efforts have 

to be put in with this ob;3ective, 

(Fhragraph 14,6,9) 

11 ) Region 2i Reasons for low yields of bajra and 
rabi jowar in Maharashtra and cotton in Andhra 
fi^adesh and KarnataJsa should be examined and 
necessary measures taken urgently to increase 
the yields of these crops or for substituting 
them with more suitable crops, 

Clhragraph 14,6,14) 

ill) Region 3* Excepting Gujaratj the yield levels 
of crops without Irrigation are on the low 
side some of them being less than 50 per 
cent of all-India average as in the case 
of bajra. The position has to be remedied 
by adopting better varieties or agronomic 
practices or by substitution of more suitable 
crops, 

(Paragraph 14,6.19 ) 

iv) Region 4j Although the crops grown appear to 
be suitable according to rainfall dlstributionj 
the yields are low in the case of almost ail 
crops groimi in the portion of the Region 
covering areas in Maharashtra, Madhya ft’adesh 
and Rajasthan, There is, thus great need for 
detailed analysis, research and developmental 
efforts. Similar efforts are needed in the 
case of gram and other crops which have low 
yields in Andhra Pradesh and Karnatalra, 

(Pkragraph 14,6,29) 
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v) Region 5; There is need for adoriting better 
•'•rater nanagement and agrononio prae’':i'j9s for 
improving the yields of maize and ba.j-'’a 
in Rajasthan areas ground'iut in S-.n-encj.anagar 
district (Gujarat; may be substituted by 
sunflower af'ter carryi;ng out trials« 

(Paragraph 14,S.22 ) 

vi) Region 6: Though the crops gro'/m are nearly 
suited to rainfall distribution, yield levels 
in Rajasthan area are low. These could be 
improved by adopting better agronomic 
practices and improved varieties or hybrids, 

(Par agr aph 14.6,25 ) 

vii) Region 7: 

(a) !Di spite of fairly good irrigation 
support wheat yields in Rajasthan and 
Uttar Pradesh areas of the Region, are 
low. The reason as to why these should 
not be at almost^the same level as in 
the Rmjab needs^to be looked into. 

Similar remarks apply to maize in 
Rajasthan and paddy in Uttar Pradesh. 

(b) Ri case it Is not possible to provide 
irrigation support to wheat and if it 
is difficult to increase yields under 
ra-tnfed conditions, it may bo censid'Ored 
as to why this area' should not be diverted 
to barley, gram, safflovrer or other such 
crops, 

(c) Paddy yields cannot be high vzithou.t 
Irriga'tion support and it may be 
advisable t'-^erefore to divert paddy 
area to maize or other suitable c’ops 
after providing for proper drainage 
facilities. 

(Paragraph 14.6,34) 


viii) Region 8: Growing of paddy and wheat 

does net appear to be advisable in areas 
where yields are low for lack of irrigation 
support. In areas where irrigation development 
is not possible should be divorced to other 
appropriate crops after study, ' 


(Paragraph 14.6.38) 
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ix) Region 9: Fkddy crop dominates but 

rainfall is insufficient and required 
irrigation facilities are not available; 
yields of other crops are also low. 

Careful examination is necessary. 

(Ihragraph 14,6.41) 

x) Region 10: The Region is entirely in Gujarat 
and with the rainfall distribution with A 
type in July there could be a temptation to 
go in for paddy. However, crops other than 
paddy are being taken v/ith good yields. 

This could be cited as a good example of 
an area where cropping patterns have 
stabilised after taking the minimum 
likely rainfall into account. In areas 
x^^lth above average rainfall, drainage 
aspect is fully taken care of. This example 
of Gujarat is worth emulation by others, 

Cfhragraph 14,6,43) 

xi) Region:H Yield levels of many of the 
cropf are low except in Gujarat areas, 
though rainfall distribution is good fop 
majority of the crops. Fhddy yields 
cannot be high unless crop is irrigated* 

The cropping structure of the Region should 
be examined in detail with a view to 
bringing about improvement in both 
structure and productivity, 

(fhragraph 14,6,47) 

xll) Region 12: 

(a) Rainfall distribution seems more 
suited for millets, maize and 
cotton but not for paddy without 
supplemental irrigation, 

(b) Reasons for low yields of crops in 
some States of the Region and good 
yields in others like Gujarat, 
need to be looked into. 

(c) Cultural and other practices in States 
where the yields are good should be 
studied and extended to other areas 

in the Region, in addition to carrying 
out the needed research, 

(Paragraph 14.6*50) 
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xill) Regioii0 13 and 14: Yield levels of paddy 
and wheat, the t\fo major crops of tnc 
Regions are on the low side. Rainfall 
in September is not suffioiert ro 
support paddy crop and irrigation 
facilities are wanting both for paddy 
and wheat. The crop dlstritutlon needs 
detailed examination for evolving and 
adopting appropriate measures, 

( Pairagraph 14.6 ,f 7) 

xiv) Regions 15 and 16: Fhddy is the main 
crop of these Regions but yields are 
low, the chief reason being insufficiency 
of rainfall in September, These Regions 
are more suitable for paddy than other 
crops and hence necessary steps should 
be taken for providing irrigation . 
facilities. In case,this cannot bo 
dene, paddy nfeae may be diverted to 
other crops, • 
o 

(Fhragraph 14.6,60) 

XV ) Region 17: 

(a) Rainfall resources are more than 
adequf^te for grov/lr.g paddy in 
valleys and hill millets in 
elevated areas, Paddy yield in 
Bulsar district (Gujarat) could be 
raised. There is good scope for 
increasing the yields of ragi by 
adopting better varieties and 
agronomic practices, 

(b) There is scope for introducing 
improved varieties of grass and 
forage legumes, Scyaba,an in rotation 
v/lth ragl could be tried. Maize 
also could be tried* 

(c ) Region is good for production 

forestry and economic tree crops. 


(Paragraph 14,6,63) 
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xvl) Regions 18 to 22s F&ddy yields are high In 
general, lUllet yields are very good in 
Tanill Nadu and moderate In Andhra Pradesh# 

Rilse yields are low# The reasons for the 
sane are required to be looked Into and 
Improvements brought about# 

(Paragraph 14.6.68) 

XvlD Regions 23 to 26s I^ddy can be grown only 

with Irrigation and this is what is being done# 
Conditions are nearly favourable for maize 
in regions 26 and 26, Introduction of this 
crop along with soyabean is worth examining# 
Measures required to be taken to further 
increase the yield levels of the existing 
crops also need examination*. 

(Paragraph 14.6.72) 

xvlll) Regions 27 to 29s There are possibilities 
of diverting areas under crops like paddy 
with a view to introducing protein 
yielding crops and fodder crops which may be 
examined along with the possibilities of 
increasing yield levels of existing crops. 

(Phragraph 14.6,75) 

xlx) Regions 30 to 36* Paddy dominates whether 
rainfall is sufficient or not. The only 
good feature is that it is grown mostly 
under irrigation and yields are high. It 
may, however, be necessary to consider as 
to whether available water could be better 
utilised for raising other crops on larger 
areas with advantage# This suggestion 
especially applies to regions 30 and 31, 
where the rainfall is good for raising 
crops like jowar, ragi, etc# Maize can be 
a good crop for these regions and may be 
tried. Similarly soyabean and cotton 
can be good crops in Regions 31 to 36, 
Plantation crops should also be considered 
especially in regions 33 to 36, Since 
there is rainfall in October month in 
addition to monsoon months, possibilities 
of raising pulses and fodder crops in 
paddy fallows with supplementary 
irrigation is worth considering, 

(Paragraph 14#6#79) 



XX) Regions 37, 41, 42, 44, 45, 47, 43 and 55; 

Paddy Is the ^ajor crop of these 
Regions 41, 42, 44, 47 and 43 do not have 
favourable rainfall distribution for paddy* 
Regions 41 and 48 do not have e/en one "I'.'nth 
of A type rainfall. Region 42 has only one 
and 44 two nonths of A type. Moisture stress 
in September and floods affect the yields* 

There is scope for substitution of paddy 
with oiaize and similar crops in Regions 
41, 44 , 47 and 48. Soyabean too can be a 
good crop for these Regions. . 

(fhragraph 14.6,83) 

xxl) Regions 38 to 40s These are scanty rainfall 
Regions with long interventing broairs. It is 
therefore necessary to examine possibilities 
of putting larger areas under grasses and 
oconocilc tree crops which can stand prolonged 
drought better than arable crops. 

(Paragraph 14.6.90) 

xxli) Regions 43, 46 and 50 to 53; Cropping 

structure in general appears to be appropriate. 
With long rainy seasons and with nilder 
tenporature, it would be advisable to pay 
more attention to fruit crops and grassland 
development in high lying areas. 

(Paragraph 14.6.93) 

xxiii) Region 54: More attention to grassland and 
fruit crops may be desirable. 

( Par agr aph 14,6,95) 

xxiv) Regions 66-62: Cropping structure appears 
to be satisfactory. In Regions 66-57 paddy 
could bo replaced in high lying areas with 
maize and soyabean vrith advantage. Possibilities 
of talcing short duration pulses, oilseeds, 
fodder crops and vegetables appear to be 
feasible before and after paddy. The high 
lying areas where raisi'-ig of plantation 
crops is difficult, could be used for 
developing grasslanxbs. These regions are good 
for production forestry and plantation crops. 
Tendency of opening up slopy lands for 
arable crops .has to be dlsccur-aged. 

(Paragraph 14.6,87) 
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14.8,2 General observations and suggestions regardiog 
cropping patterns etc. are as under 

i) Rice crop is prone to suffer in areas under ^ _ 

rainfall categories -^.2 to B2 unless due pi?ouision 
is nade in the rainy nonths to collect and store 
water for irrigation in the lean periods. For 
other crops there is always danger fron_water 
logging to avoid which suitable agrononio 
measures should be adopted rigiht froLi the beginning 

(Paragraph 14.7.4) 

ii) Studies on optimum dates of so^-’ing should be 

completed for the whole country in close liaison 
with the scientists of agricultural universities, 
institutions and departments for adoptioii of the 
results after! large scale trials :in tho field, 

(Paragraph 14.7.6)' 

iii) In about 25 per cent area precarious conditions 
prevail# rainfall being 10 to 2.0 cm pm in not 
more than two months in tho y..:!ar which are not ever 
consocutivo months in some areas- Variabil'’’+"V 

Of rainfall in these areas la also high. H3.gh 
priority should be given to these regions .in, 
providing irrigation for as much as possible.aren, 
All kinds of water harvesting tec’cnlques within 
each holding as well as outside on community 
basis are necessary for stabilisiiig production. 

(I^ragraph 14.7,7) 

iv) There is too much emphasis on arable crops 
irrespective of the suitability of land or 
sufficiency of rainfall. Land use planning has 
to be done on a scientific basis and implemented. 

(Pkragraph 14,7.9) 

v) Field crops should be restricted to rjost 

favourable areas Xv^hich have good retentive 
soils and are situated in valleys so that 
the rainfall could be preserved in soil 
profiles and water harvesting techniques adopted. 
The remaining areas should be put under forage 
and economic tree crops either as sole crops or 
in mixture. Research efforts in these directions 
should be intensified Uiad suitable recommendations 
developed a=! applicable to different regions. 


(Paragraph 14,7.10) 



OOP 

W .-y 


vj,}--—A.'trbenpt should be uade to introduce crops and 
varieties which fit best in the enviroment il 
rhyth’T of a place. Cropping patterns should be 
flexible for adjustnent to changing needs taking 
into consideration advances in technology. 


(Paragr anhs14,7,1 
14.7.3 
14.7.21) 

vii) If rainfall pattern of a Region includes A, B and 
Cclasses pf rainfall amounts in each of the three 
consecutive nonths, it is better to go in for crops 
that require C or B amounts of rainfall and not A, 
In such cases, stops should be taken right fron t’le 
beginning for drainage of excess water. 


(Paragraph 14.7.14) 

vlii) All irrigation resources in Andhra Pradesh, Tanll 

Nadu and Karnataka are used nainly for growing paddy. 
It is necessary to exanine as to whether water 
rosoirrces could be put to better use fron 
socio-econonlc as v/ell as fro’n hunan nutrition 
and other agronoaic points of view, 

(Paragraph 14.7,15) 

lx) There is a case for restricting paddy to one 

season .only in the southern States with rainfall 
anounts in higher ranges in one or two months and 
utilising irrigation v/nter for growing obher crops. 
Fai’ncrs vrill switch over only when It is economical 
to do so. Research attempts should be intensified 
keeping these various objectives in view. 

(Riragraphsl4.7.15 & 

14.7.17) 

x) Rainfall distribution patterns with a kncc.irledge 
of monthly variability could be used as an 
important basis in any scheme for changing 
cropping patterns. 

(fhragraph 14,7.18) 

xi) Urgent steps vro’ald have to be initiated on priority 
basis for determining and adopting more suitable 
cropping patterns than the existing ones. Detailed 
studies should be talcen up on the lines indicated 
and keeping in viev; the proposed targets and 
suggestions made in the crop chapters, formulate 
reseciTch and extension programmes to achieve the 
main objective of putting every hectare of land to 
its best use. 


(Paragraph 14,7.20) 



-jypendijc 14,1 


(paragraph 14.2.4) 

Code form for Combinations of Rainfall of 
Four Months in Different liicervals 


Code form 

1. Beginning with 
A4 

Kuniber 
of months 

(greater than 30 
4 

Rainfall 
(cmpm) 
cm) 

greater than 30 

A3 B1 

3 

greater than 30 


1 

20-30 

A3 Cl 

3 

greater than 30 


1 

10-20 

A3 31 

3 

greater than 30 


1 

less than 10 

a2 B2 

2 

greater than 30 


2 

20-30 

A2 B1 Cl 

2 

greater than 30 


1 

20-30 


1 

10-20 

A2 B1 31 

2 

greater than 30 


1 

20-30 


1 

less than 10 

A2 82 

2 

greater than 30 


2 

10-20 

A2 Cl 31 

2 

greater than 30 


1 

10-20 


1 

less than lO 

A2 S2 

2 

greater than 30 


2 

loss than 10 

Al B3 

1 

greater than 30 


3 

20-30 
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Appendix i.4*l contd* 


-form 

I'Tiiinber 

Rainiall 

of months 

(cmpm) 

B2 Cl 

1 

greater then 30 


2 

2 0-30 


1 

10-2 0 

Al B2 El 

1 

greater th?.r- 30 


2 

20-30 


1 

less then 10 

:a1 B1 C2 

1 

greater than 30 


1 

2 0-30 


2 

1 0-2 0 

Al Bl d 



1 

greater than 30 


1 

2 0-30 



lO-'BO 


1 

than 10 

.J- Bl E2 

i 

Rreater than 30 


1 

20-50 


2 

+faSs than 10 

Al C3 

1 

greater than 30 


3 

10-2 0 

Al C2 El 

1 

gieati^'r theii jo 


2 

10-20 


1 

less than 10 

Al Cl E2 

1 

greater than 30 


1 

10-2 0 


2 

loss then lO 

Al E3 

1 

greeher than 30 


3 

less tli.-.p ]0 



328 

Appendix 14,1 

contd, 

Code form 

2. Begimiing 

number 

Eainfall 

of-.''nonths 

v/ith B (20 - 30 cm; 

(cmpm) 

B4 

4 

2 0-30 

B3 Cl 

3 

20-30 


1 

10-2 0 

B3 El 

3 

2 0-30 


1 

less th.-^n 10 

B2 C2 

2 

20-30 


2 

10-2 0 

B2 Cl El 

2 

20-30 


1 

10-2 0 


1 

less than lo 

B2 E2 

2 

2 0-3P 


2 

less th^n 10 

Bl C3 

1 

2 0-30 


3 

10-20 

B1 C2 El 

1 

2 0-30 


2 

10-2 0 


1 

less than To 

Bl Cl E2 

1 

2 0-30 


1 

10-20 


2 

less than 10 

Bl e3 

1 

20-30 

X 


3 

less than lo 



Appendix 14.1 contd 
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Niffiiber Rainfall 

C ode form of months (ompm ) 

3.Beginning with G (lo - 20 cm) 

C4 4 10-2 0 

C3 Dl 3 10-20 

1 5-10 


C3 El 

C2 D2 

C2 n El 

C2 E2 

Cl m 

Cl D2 El 

Cl Dl E2 

Cl E3 


3 

1 

2 

2 

2 

1 

1 

2 

2 

1 

3 

1 

2 

1 

1 

1 

2 

1 


10-2 0 
less than 5 
10-2 0 
5-1C 
10-2 O 

5-10 
less than 5 
10-2 0 
less than 5 
10-2 0 
5-10 
10-2 0 
5-10 
less I'hr^-n 5 
1C-2C 
5-10 
less than 5 
10-20 


3 


less than 5 



Appendix 14,1 contd. 
Number 

Code form of months 

4. Beginning with D (5 -lo cm) 

D4 4 

r3 El 3 

1 

r2 E2 2 


Rainfall 
C cmpm) 


D1 E3 


5-10 

1 

1 es s t’n an 5 
5-10 

less than 5 

5-10 


less than 5 


5, Beginning with e (less than 5 cm) 


Note: Rainfall Interval Code- 


letter symbol 


less than 5 


amount cm 


greater than 30 
B 20-30 

C 10-20 

D 5-10 

2 lessthanS 

(i) Less than 10 cm v/hon code form 
for four months begins with A c 

(ii) Less than 5 cm v/hen code form 
for four months begins with C 
L or r 

cmpm - Centimetres per montl. 


Example; 7.2 Bl El 


2 months 


greater than 30 cmpm 


1 month 


2 0 - 30 cm 


1 month 


less than 10 cm 



Appendix 14.2 

(paragraph 14,3*2) 

Statement I - Frequency of Districts in different Area 
Intervals 

Kumbc.r of districts 

-ian - rea 

State 

Geographical 
area sq km 

Total no, 
of 

districts 

Less 

than 

5 

<• thousand 

6 -l0 10-20 

sq km) 
greater 
thrni 20 

1 

2 

3 

4 

5 

6 

7 

Andhra Pradesh 

276,754 

21 

— 

6 

n 

15 


Assam 

99,610 

10 

1 

5 

3 

1 

Bihar 

173,876 

17 

1 

8 

8 

- 

Guj arat 

195,984 

19 

o 

10 

6 

1 

H'myana 

44,222 

7 

3 

3 

1 

— 

lUmachal Pradesh 55,673 

10 

4 

5 

1 

— 

Jammu & Ka.shmir 

222,236'^ 

10 

6 

2 

1 

1 

Karnataka 

191,773 

19 

3 

7 

9 


Kerala 

38,364 

10 

8 

2 

— 


Madhya Pradesh 

442,841 

43 

4 

22 

15 

2 

Maharashtra 

307,762 

26 

1 

8 

16 

1 

Manipur 

22,356 

5 

4 

1 


— 

Meghalaya 

22 ,489 

2 


1 

1 

— 

Hageiland 

16,527 

3 

1 

2 

— 

— 

Orissa 

155,842 

13 


4 

8 

1 

punj ah 

50,362 

11 

7 

3 

1 

— 

Raj as than 

342,214 

26 

1 

10 

10 

5 

lamil Nadu 

130,069 

14 

3 

4 

7 


Tripura 

10,477 

3 

3* 

" 



Uttar Pradesh 

294 ,413 

54 

29 

23 

2 

— 

VJest Bengal 

87,853 

16 

8 

6 

2 

— 

total 


339 

89 

132 

106 

12 


Union territories 17 

total no .of districts. _ 356__— _ 

* incTuUes Mizoram district. § Includes area mider illegal 

occupation of Pakistan and Cnma, 
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APPEKDIX 14.2 


(Paragraph 14.3.8) 


Statement V^Frequency Distribution of 
Districts according to Percentages of 
Met Irrigated Area to Met Sown Area 


jNet i 
State Isown 

rrigated 

area 

as per 

cent of area 

f Total 
number 

■_ deference 
of 7ear 


lessilO-; 
thanf20 | 

10 1 ! 

20- 

30 

ou- 

} 40 

f 

! 

1 40- 
j 50 

. f 

! greater 
} than 
! 50 

j distri 
\ 
t 
f 

1 

r 

j_ 

1 

2 

"IT 
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^ 8 
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Andhra 

Pradesh 
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21 

1970-71 

Bihar 
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3 

4 

- 
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17 

1970-71 

Gujarat 

6 

10 

2 

- 

- 

- 

18 

1969-70 

Haryana 

«. 

1 

1 

1 

3 

1 

7 

1970-71 

Himachal 

Pradesh 

5 

2 

2 



1 

10 

1963-70 

Jamrau and 
Kashmir 

2 

2 

1 

— 

1 

3 

9 

1967-68 

Karnataka 

6 

8 

2 

2 

1 

- 

19 

1970-71 

J'fedhya 

Pradesh 

31 
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4 

2 

- 

- 

43 

1970-71 

Mahara¬ 

shtra. 

19 

5 
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25 

1969-70 

Orissa 

5 
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1 

— 

13 

1969-70 

Punj ab 

- 

- 

2 


-1 

8 

11 

1969-70 

lajasthan 

9 

5 

6 

1 

3 

— 

24 

1970-71 

Tamil Madu 

1 

1 

6 

1 

3 

12 

1970-71 

Uttar 

Pradesh 

3 

6 

10 

13 

10 

12 

54 

1969-70 

’■•Jest 

Gengal 

O 

c.' 

•mt 

6 

2 

1 

o 

15 

1964-65 


345 




3^36 


A p pe nd ix 14^, 2., rS.ta'bo me nt: V (c o nt d,) 


1 2 3 _4 

Tripura ' i _ ^ 

Union Territories 

Goa? Daman 1 
and Diu 


1 1970-71 

1 1970-71 


Pondicherry - _ ^ 1970-71 


Delhi 


1 1 1970-71 


total 100 61 45 31 25 40 302 


Note; In the case of the following States irrigation data 
for 3d'iie/all districts are not available or their 
irrigated areas are less than 500 ha 


Jammu and Kashmir 

Gujarat 

l^harashtra 

Raj asthan 

Tamil Nadu 


Eajouri district foraied in 
1967-68 only. 

Dangs district irrigated area 
less than 500 ha 
Greater Bombay irrigated area 
less than 500 ha 

Ghuru , Jaisalmer districts 
irrigated area less than 500 ha 

Madras city and Nilgiris 
districts irrigated areas less 
than 500 ha. 


Assam 

Kerala 

Manipur 

Meghalaya 

Nagaland 


Irr3^-,ation data not available 
for all districts 



0^ 

o 

4 


c 

f , 

r; 


■ cvj 


a 

a 

p, 

=4 


03 

O 

o 

5 

<0 

o 

-p 


(N 


to 

(a 

u 

< 

fO 

a> 

^'1 

M 

li 


I'l 
I|£ 

o,.< 

o 


o 

-p 

*1 

•H 

I 


0 ) 

n 

o 

-p 

c.' 

-f-^ 

U' 


o 

+-_ 

a) 

<.! 

M 

U 

CX, 


-I \ 
•0 1 


TO 

I 


a 

% 


ri 


to 

H 

c; 

n 

ci 

o 


o 


MO 


K> 


.■-4-I 


Ti S 

O .C 

•r) ci t:.' 

P o q 


t>» 

fH 

o 

u 

c-' 


O 

*H 


I 

05 


to 


t 
S 


CV2 


347 




^ O ^C5 O'. c\i . ___. _ ^ 

A o\c\! o o o ro A 7 


OWtOOOO tr\C\3 
O O O W 


O ^O O r- vO 

• <>»*•*• 

r* t" O ''T *<1 O t'- 
O t— r- 


vr\ 


tr\, 

• « n 

KAOC-., 
1 C\i Z>- 


C^tC £V O so 

• • • » • 

o 00.,- tc i> 

CO rt\ tr. 


I I t 


T— Oo O'' 

9 tt O • 

0^ tn O (0^ 
ifMO CO 


tr\ 




tr\ o\ 


VO 


cn 


to tr\, 
C'^ oj o 


t I 


r- OVtO T50 

*•49 

Oi\£) 00 tf\ 

C^T- V- 


I t I 


£> 

c5 V 

tr\ I 


O'-vD 

• <5 

C\2 '<^ 

r- r\ 


cv f fv oc tr\ 

r. * * ? 1 

tov O «0 -<•! 

I K , 


IN C>C'- r~ t- 

• • o • w 

IN 05N- N- 0^2 

-st-vo 0^ \0 


tr\ O Ov O <3Q 


I I I 02 


Ov N W.,- 

u^4 


02;^ 


In tov '4- o 
0^ c4 I c^v^ w 4i 


D] 

■g 

(1) 

c 

u 

a 


CT't- C\J 

• • • 


cn, 


ro. 


oi 


VV O 02 O 02 
I IN 


I I I 


OO CHJ 

# o 

C\2 O 


I I f 


. ^ 

I 02 


C\2 Ov 

• • * 

C\2 


C'' -sf-vO O ,- 

• • • • • 

N 02 N vO 02 
■<f r- C^ r~ VO 


C\2 OvvO Ov sO 


I ' I 


ITNUV r- N-02 02 t- 

I I 


C^I W O cv 02 c: O' N 

T~ NvO C;ovj(jsr'..frsc<v 
vfv ^ cj tn 02 r- -vi- 

OA 02 r'' r— ^ 


rP' 


N:*0£2'^CJvS 9Q2 O20J^QVir\O.’ 


vO 


V>- - V >4 Vv* '•Vi ' 

'4-tO to O' 02 I 

■ <0 .J_ w _ 

• 02 02 02 N . 


to OV 
02 

T" 

r\ 



I 


The data axe for 1970-71 except for the folloioing : 

(a^ Relates to the year 19^13-^ fb) Relc^tss to the year 1969-70 

(c) Rolatos to the year >967-48 (d'' Ad-hoc esthnatos 

(a) Relates to the yoaT 1956-57 (f) Sovrco-wisc brca.k-^ip' ' estimated 
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i*ppendix 1^.3 

‘ - • •• ■* ^ ^ 

S'fc-rbonionu HI - Livestoci: Patborias''- Ail-India 

(para‘i:raph 14,3.13) 

1. Cm3 Cf'+ qy4/CV'S^VQ7^ 

2. Cm3 G4- Ci^/Q>VBi4 

3. Gm3 Bf4 Byif C^r/Ojh- 

4. Cmi+ cr^+ GyV<^/iVG^(GyVBi^/A-)/Cy^ (BfVlVG4-/G4- Bfi;-)/' 

" 5. On^ (B/4 (U- )/CA- (OyVG^ (C?+/Q7^ )/Ei/V G4- (Cflf/O/^/Slh) 

r 6. GmV cAf Ci^f C^/34-7Ba^i 

7. GA- Gfh ^ GTif/BA- 07^ 

» “* “ 

8. Cf3 G^/qs4/EE^+ 

9. 013 Qy-3/C;i4 (?trff/Bm5V04/G4) 

10. CfU- Cm^ (}^/0^/Cyh (S^/G4-/Bi4/l4)/(?f Bflf 

11. Gfi+ Cyh Qd^/Geh Bf^/Qrh Bin4-/G!+ 

12. Cl^ Ef!+ 04-/ 

«•*-*•* 

13. 073 Grn4- (?f/Cf4- ^}- 

14-. Cy4- Cm4- CA-/Cilf (3i4/S4-/0f) 

15. Bf3 E 74 cyf/On^ 04- ' 

16. Bf4 ^ Cni4 Cltf/G4-/Gl+ Gy-4- 

17 . Bflf Cm4- C?</C^(an4-/B)rVBf*+ Q74-)/By-4- 

18 . Bi4- Cm4- Ci4 ^y4/B/4- (S^/C^VO^i-)/S^ Cy^- 

19. ^ Cah Bjh It^/^ 

20. G3 Cm4- S4-/CX»f/Cb^/Bf4/Cflf iCyh/B^-) 

21. G3 33/3^1-/^ (CJ^/Q7Vl4-/Cylf Cta4-/Cf4-(CyVB/^-) 

22. 24 Cn^Lf/ci^/Ofii- Cm4-/Ci4 CyVQj^ Cyl+ZCmlf Cyh BfU-/ 

Gm4- Bf4 E54/C^ By^ Cfh/ . ' C 74 By4- BfV 
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Statement contd.) 

23. G>+ Cm^ Cf4/Bf^ Byh 

2h, Cm^- CA-/Bf4-/Bf^i- 

25. S1 

26. S2 Cnh/Ci!^/(h 

27. S3 G3/G^-/d4-(Ci4/(li^/BfVCyVCin^ Cf4/Gm4 Gyl+Z Cf4 CyVCf^ Gii]!+ Bf^) 

28. S3 Cm4 Cf4/Bf’+/Bf4 CfVcA- 

29. S4 G4 Gm4. Cfh/hfh/Cyh/Cyh Bf^/Qy4 CfVBf4 ESrVBf^ CfV 
BIh Cf4 EjjrVBftf CfV BmV 

30. SV GV C^VCfVBfV Byh/Crh BnV/CfV CyV 

31. Omi|. OfV BlV/CSyV 

•• 

32. P1 

33. P2 GmV/Cfif/CfV CyVGmV CfV 
3 V. P 3 GV cfV/QyV/CW-H 

35. EV GV CfV/qsrV/BfV/EyV 

Note;- For siaiibols please refer to paragraph 14.2.10 



APPSI'TBIX 14.4 


(Paragraph 14,4.1) 


Statement I 5 Rainfall Patterns - Statewise 



(i) 


Serial ninbers in coluriin 1 represent nirribers cf 
Rainfall Zones of the concerned State, These are 


shown in Renan figiires (I, II etc.), 

(ii) Rainfall Pattern in colu-nn 2 is shown in tliree 

parts vrith the central in brackets. Those cover 
four month periods (a) February to May, (b) Juno 
to September and (c) October to January, The 
coded form in each of the fo’jr month periods 
sho'^rs rainfall in decreasing order and not in 
calendar monthly sequence. In its decoded forra 
according to calendar months, a blanlc entry 
indicates that rainfall in the concerned month is 
less than 5 cm except v/hen any of tlio periods (a) 
to (c) has rainfall begira^ing with A or B type 


(iii) 


and in such cases the bla.nii indicates rainfall of 
less than 10 cm. e.g. In A1 32 El, E is less than 
10 cm and in C2 D1 El, S signifies less than 5 cm. 
I'Jutiter of months wnith rainfall greater than (a) 

10 om, (b) 20 cm and (c) 30 cm together v;ith month 


of commencement, e.g, J!2 in column 17 indicates 
that for two consocut5.ve months from July rainfall 
is greater than 20 cm per month. Information in 
columns 15 to 18 enables one to know the frequency 
or number of consecutive months with rainfall 
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greater than 10j 20 and 30 cm respectively - 
symbols for months are: 

symbol month symbo]. month symbol month 

Ja Janiiary My May 3 September 

F February Jn June 0 October 

Ma March J1 July N lloveraber 

Ap April Au August D December 

(iv) symbols in patterns indicate rainfall amounts as 

follows: 

symbol cm 

A greater than 30 

B 20-30 

C 10-20 

D 5-10 

E less than 5 or less than 

10 as explained in (ii) above 

Subscript to symbol indicates n’omber of months in 

which rainfall Indicated by symbol lies. 

(v) Geographical area figures in col 19 are based on 

reported areas of taluks except in Bihar, West 

Bengal and Assam where the areas refer to 

subdivisions5 districts and police stations 

respectively. 


(vO Gross cropped area in col 21 refers in goneral to 
1969-70 
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appendix 14.4 


(paragraph 14,4.2) 

Statements II to IV - Geographical (reporting) 

Areas under each of the Rainfall patterns of 
(i) June to September (ii) February to f/ey and 
(iii) October to January. 

Notes ; 

1. The Union Territories and the Eastern States of 
Naghalaya, Nagaland, Manipur and Tripura which account for 
about 5,5 per cent of the reporting area of the country have 
not been considered in the tables duo to inadequacy of 
rainfall data and as some of them have large hill-areas. 

2. Areas shown against different rainfall patterns in 
each of the seventeen States listed in Statementsil to IV 
are based on taluk data on area except in Bihar, West 
Bengal and Assam where sub-division, district and police 
station are the respective units of area, 

3. The geographical areas shown in the Statements 
represent reporting areas. The total of report ing areas 

in some of the States in the Statements ll to IV differ from 
published figures due to exclusion of (a) hill areas in 
west Uttar Pradesh, Tamil Nadu (Milgiris) etc, (t) certain 
forest areas from taluk areas in Madhya Pradesh and 
(c) some areas in Gujarat. Rainfall data is also inadecuate 
for zoning these areas. Details of area under (1) and ( 3 ) 
are oiven in 4. 

Million sq km 


Total Reporting area (1969-70) 3,06 

unde^r _(i)_ aJio_ve_ _ _____ 

T'Faa* F' f r e ma i'n in g* VeVe rit e e n St a t e s' 2,89 


Tot a’l 'o* I 's'e’v'e'nt'e e n "S't'a't e's* 'i n 

Statements II toR.-' 2,68 
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384 

5 The total area shown against each pattern in col.20 

is the total of the areas under each of the States (cols,3 

to 19), Col,21 shov7s the areas in col,20 as per cent to all 
India total given at the bottom of the column. 
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III - Geographical (reporting) .irea under each Rainfall Patterns 


’ rt! C 

! tti 

J q jz: 
; C^-P 


O'! 

w’ X! 

■—‘ fO 
‘ 'O 

■ c 

-'S 


CO M 

! zi s 
ex 
, E to 


CM 

Oi 

G 

•H 

\0 

vt CO 

m 

r~ 

o 

G 

CO 

G 

CO-i 

c- 

G 


G 

Ov 

CM 


CM 



VO 

CM ■ 

fO 

CMG 

O' 


Ov 

vf 

CO 

r- 


CO 

G 


ro 

■H 

CM 

o 

r- 

o 

CM 

CO 

o 

ra 


CO 

r- 

G 

Cl 

-i 

-i 


G 

Ol 

c- 


CM 

vt 

OJ 


G 

•H 

CO 


G 

G' 

G 


r- 

CO 

G 


CO 

c- 



G 



CO 

CO 

o g 


CM 

CO 

V/ 


G 

X 

Q CO 


O 

G 

O' 


•H 


O 


G 



G 

■vj- 


•H 

C~ 

CM 


0) 

CJv 

G 



CM 

G 


• o 

j 


^ --i 

li\ G 


C ''}■ x t 

<H G -4 • r- ' 


00 -i 
ai Q 

(.u 

CO St" *~l 
G P O U 


■H C^-^f 
f' •H r- 
•H 


* j-N V Vf 

S'” ! 

'-i ' 

^ lO • 


•H ^ CN •H 'H •—4 

W UJ u.i ui ui G O'’ u 1 ] 

CviOO G ■HCO—tCO-HOi—IX'H'H'H’ 

GQ G C'PDGOGOOGmo; 
X 'H'Oi OJCMO'H'-HGOl'H'H—lG 

o o cj oo u pi^,Gra ; 


G vD GO' 


d -H CM G llTvO m 0^ O -+ 

■H C J ( I 


Total 6818P 07853 155837 172328 238097 ,34960 24133 50305 43993 341063 












1 f. 

; C r3 
Qj+J 

5 o o 
■ -p 

L 0) O 
f a4^ 

i 

» 

* 

f 

1. 


>0 > 


4J 

G 

O 

o 


H 

H 

H 


-P i 
C i 
<U ,1 

^ : 
-p j 
ra . 

* 

c/5 I 
I > 

\ 

• 1 

f 

I 


<0 

§ 

& 

^ i 

j 


fO 

+J 

o 

-p 


M 
I -P 


O 

XI 


r 

J tu 
A ^ 

1 C) 




o; 

CM' 


i 


xz 

w 

rj 

M 


Oi 

Jcm; 


fy 

CU 


M 

•H :3 
S T3 


O' 


I 

r: 

G fu 
M ^ 
rq, (t: 

« -p 


x: 

G C/) 
SH G.’ 
x: TO 
TJ CO 


.1 


x: 

G to 
>• CJ 
x: Tj 
XZ G 
G P 
S Cii 


r-M C 

rr. P 
P-i QJ 
C 

•H -P 

G Gj 

cd a 


c/) 


o 


390 

coco—lOOlT) ^(MCO—ICMiOLOvOCOMDr^COr-'t)' *^co 
tO-Htj-OCO ^c^o•^O'-^■0■-^vo—lO CMO'd' •'^co 

-tio CM O O Jo* O O CD O O O d -H O O H o o 
r--i oj 


o' 1 

o< 

; 

< K 

> i 

< I 

< i 
! ! 


iD^CMCOin CMlDtDCO—l■H0^C0^~—l-tj- tOtOC- ^OJ 
r~rO—tiOCOtOvDCM^roC4'^C--COvQCO —ICOC- t<CM 
•HOvOOC0inCMI:--00'^ONCjNCMC0—lO'^tOO- i^CO 


o 0 "=i- CM a\ ^ CO 
CM o MD VO C' 

(Ovcf 

H 


CM 


' col 




< ip! 


t ! 


1 —c 


' co’ 


CO—I'cj'vo—i—J r^co—I coco 
p p CO OJ P 


CO 

CO 

P '- 

C~vO 

c- 


o 

O' • i 

CO C' 

lO 


vO 

o 

CO a' 

lO 


GT 

—1 1 

vO O 

Mi" 


' CJ' 


P CM CO ■' 5 '" P P P P CrM CM C' i rO P P CTM CG P 

t:J ODD fP C O CO CD O U O O pa m oa 


CM 


' • • • • • • » • •OPCMCO'tj'LO’OC'COOO—• 

P| PCMCO^lOvDr^COCJvPPPp^p^ P^^f^jCM 


'Ct' 

—I 

in 

o 

CO 

vO 

CM 


CM 
' CO 

' ro 


CM CO to 

O PvO in 

i 

CO 

P P P CM 

00 CM CO 'O CM 


in 

uO CM CO CM 

Ov -si- CO vD 


f'- 

in CM P —1 

CO-. P 


vO 

PvO CO 

p 


Cvj 


p 


P 

p tj- 

00 f'- 

1 

CO 

vO CO p 

VO CM 

> 


CM t" CO 

"tJ- ■St 

# 

CO 

in CO 

VO CO 


P 

•0- lO 

P CM 

* 

< 3 v 

o 


1 

P 

p 


if 


03 CM CO 


j 


Q VO 



CO 

CO o UO 


i 

p 

r-vo O 



vt 

P'Vt P 


' 

Mj- 

CM 


i 

t^ 




CM 

p f'- 


4 


CO CO 


* 

CO 

vO iD 


j 

P 

r-vo 



CM 

a> 


* 

Mf 

CM 



O 



1 

CO 

o 




CO 



o 

03 



03 

O' 


1 

00 

vO 


t 

r- 

CO 


t 

vO 



t 

f 

CO 

CM 


i 

CM 

■Mj- 


li 

vj- 

in 


1 

in 

O 

P 

i 

o 

to 

U.1 

1 

vD 

p 


f 

P 


CMP —1 CM PPCMPP 

'! 



UJ W LU l-U Ul !-il W O IJJ 

t 

! 


CO CM P 

rOPCMCOCM—ICMPOOPCM PPPPP 

1 

1 —! 

Ul UJ UJ 

m Q Q D Ul Q D Q (Jj U OJ U U CD ra o 

' 

fC 


p 

o 

H 







Appendix i4.4 

(P3 ra graph 14,4,2) 

atement IV - Geographical (reporting) Area under each of the Rainfall pattern 
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Aj-pUilCHiC T“r* 


( pa r a or 0 ph 14,4.4) 

statement VI 

India Rainfall patterns 

Zone Bo* 

Hainfall Patterns 


Sl 

001 

Sf (J^) Cl E3 

002 

D1 E3 (A4) Cl D1 E2 

003 

Cl E3 (^) D1 3} 

004 

Cl 33 (i4) Cl D1 E2 

00? 

Cl E3 (-A4) B1 C1 B2 

006 

G1 D1 S2 (A4) Cl D1 E2 

007 

B1 C1 E2 (A4) Cl E3 

008 

B2 Cl El (A+) Cl E3 

009 

A1 Cl E2 (iS4) G1 33 

010 

A1 Cl 32 (A4) A1 B1 32 

Oil 

A1 B1 32 (J^) Cl 33 

012 

A1 B1 C1 31 (A4) Cl 33 

013 

A2 Cl 31 (A4) Cl 33 

014 

A2 Cl 31 (A4) B1 33 



01? 

S4 (A3 B1) 3i- 

016 

3f (A3 B1) B1 33 

017 

D1 33 (A3 B1) C1 33 

018 

D1 33 (A3 B1) Cl B1 32 

019 

Cl 33 (A3 B1) D1 33 

020 

31 33 (A3 B1) B1 Cl 32 

021 

B1 C1 32 (A3 B1) Cl 33 

022 

B1 G1 32 (A3 B1 ) A1 B1 12 

023 

B2 32 (A3 B1 ) C1 33 
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Statement VI (contd,) 


Zone no* 

Rainfall patterns 



02^ 

A1 

G1 

E2 (A3 B1 ) 

Cl 

E3 



_A3_ 

Cl 






025 

D1 

e3 

(A3 Cl) 

Cl 

E3 



026 

D1 

E3 

(A3 ‘01) 

Cl 

D1 

E2 


027 

Cl 

D1 

B2 (A3 ' 

Cl) 

Cl 

D1 

12 

028 

01 

D1 

B2 (A3 ' 

Cl ) 

B1 

C1 

E2 









029 

14 

(A2 B2) 14 





030 

14 

(A2 B2) D1 

E3 




031 

D1 

E3 

(A2 B2) 

D1 

E3 



032 

D1 

E3' 

(A2 B2) 

Cl 

E3 



033 

D1 

E3 

(A2 B2) 

C1 

D1 

E2 


034 

Cl 

E3 

(A2 B2) 

Cl 

E3 



035 

G1 

D1 

12 (A2 

B2) 

Cl 

E3 



A2 

B1 

G1 





036 

14 

(A2 B1 Cl 

) 14 



037 


(A2 B1 Cl ) 

D1 

E3 



038 

14 

(A2 B1 Cl ) 

Cl 

D1 

12 


039 

D1 

E3 

(A2 B1 

Cl ) 

D1 

E3 


040 

D2 

E2 

(A2 B1 

C1 ) 

D2 

12 


04l 

D2 

E2 

(A2 B1 

Cl ) 

Cl 

D1 

12 

042 

C2 

D2 

(A2 B1 

Cl ) 

C2 

D1 

El 

043 

B1 

C1 

E2 (A2 

B1 

Cl ) 

Dl 

E3 

044 

B1 

Cl 

E2 (A2 

B1 

Cl ) 

B1 

Cl 12 

045 

A1 

C1 

12 (A2 

B1 

Cl ) 

D1 

13 
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Appendix 14,4 (contd.) 
Statement VI 'Coontd.) 

Zone no. Rainfall Patterns 

046 (A2 C2) 

047 H4 (A2 G2) D1 E3 

048 D2 E2 (A2 C2) D1 E3 

049 D2 E2 (A2 C2) D2 E2 

A2 Ct E1 


050 

051 

052 

053 

054 

055 

056 

057 

058 

059 

060 


E+(A2C1E1)i4 

D2 E2 (A2 G1 B1 ) D1 E3 
G1 D1 E2 (A2 G1 E1 ) G1 D1 E2 

G2 D1 El (A2 G1 El ) C1 D1 E2 

A1 B3 

D1 E3 CA1 B3) G1 E3 

A1 B1 G1 B1 (A1 B3) G1 D1 E2 

A1 B2 G1 

E+ (A1 B2G1)Ef 
E+ (A1 B2 Cl) D1 E3 
D1 E3 (A1 B2 Cl) D1 E3 
G1 D1 ES (A1 B2 C1) C1 E3 

B1 Cl E2 (A1 B2 Cl ) D1 E3 

A1 B1 C1 El 


061 

062 

063 


Ef (A1 B1 Cl El ) Ef 
D1 E3 (A1B1 Cl El ) El E3 
D1 E3 (A1 B1 Cl El) D2 E2 
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Statement VI (contd,) 


Zone no. 

Rainfall patterns 



A1 B1 C2 


064 

^ (A1 31 02) E4 


065 

H-i- (y.1 B1 C2) D1 S3 


066 

D1 S3 (A1 B1 02) D1 S3 


067 

Dl S3 (A1 B1 02) 01 S3 


068 

B1 01 E2 (A1B1 02) B1 01 E2 


069 

54 (A1 B1 02) 01 Dl E2 



A1 B1 S2 


070 

S+ (A1 31 E2)Sf 



A1 03 


071 

S+ (A1 03) J4 


072 

D1 S3 (A1 03) 01 S3 


073 

01 D1 E2 (A1 03) 01 S3 





074 

Dl S3 (i4) 01 E3 


075 

D2 E2 (^) 01 Dl E2 



B1C1, 


076 

Sf (B3 01) 54 


077 

54 (33 01) Dl S3 


078 

Dl E3 (B3 01 ) 01 S3 


079 

D1 E3 (B3 01 ) 01 Dl E2 



Appo nd ix 1^^, 4 (c ot d, 
statement VI (contc.) 


Zone no. 

Rainfall patterns 




080 

C1 

EB 

(33 

CD 

D1 

E3 



081 

D2 

E2 

(B3 

CD 

C1 

D1 

E2 



B2 








082 

S4 

(B2 

G2 

) 54 





083 


(B2 

C2 

) D1 

E3 




084 

D1 

E3 

(B2 

G2) 

D1 

53 



085 

C2 

D1 

El 

(B2 

G2) 

B1 

C1 

E2 


B2. 

C1 

m. 






086 


(B2 

Cl 

El ) 

54 




087 

D1 

E3 

(B2 

Cl 

El) 

D1 

E3 


088 

C2 

D2 

(B2 

G1 

E1 ) 

Cl 

m 

E2 

089 

m 

E2 

(B2 

C1 

El ) 

D2 

B2 


090 

Xh 

(B2 

; Cl 

El ) 

D1 

53 




B2_ 








091 

E4 

(B2 

: E2 

) 54 





092 

D2 

E2(B2 

E2) 

D1 E3 




SI 

_C3. 







093 

E4 

(B1 

C3) 54 





094 

E4 

(B1 

C3 

) D1 

E3 




095 


(B1 

C3) Cl 

D1 

E2 



096 

C1 

D2 

El 

(El 

C3) 

C1 

S3 


097 

D2 

E2 

(B1 

C3) 

C1 

n 

32 


098 

C1 

D1 

E2 

(B1 

C3) 

B2 

32 
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Appendix 14,4(contd,) 
Statement VI (contd.) 


Zone no. 

Rainfall patterns 



B1 C2 B1 


099 

(B1 C2 El ) E4 


100 

D1 E3 (B1 G2 El) Cl E3 


101 

D2 E2 (B1 C2 El ) D2 E2 


102 

G1 D3 (B1 C2 El ) C2 D1 

El 

103 

D3 El (B1 C2 El ) Cl D1 

E2 


B1 Cl E2 


104 

(B1 C1 S2) Ef 





105 

E+ (C4) E+ 


106 

El- (Of) D1 E3 


107 

Ef (C4-) Cl D1 E2 


108 

Ef (Of) B1 Cl E2 


109 

D1 E3 (Of) C1 D1 E2 


110 

D2 B2 (Of) B2 Cl El 



OIM 


111 

Ef (C3 D1) Ef 


112 

Ef (C3 D1) D1 E3 


1 i3 

Ef (C3 El) Cl D1 E2 


114 

Ef (C3 D1) C2 E2 


ii5 

D1 E3 (C3 D1 ) Cl E3 





116 

Ef (C3 El) Ef 




Zone no 
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Appe ndix 14,4 (c o ntd,) 
Statornent VI (con\:d,) 


Rainfall patterns 
02 D2 


117 


(02 

D2) D+ 





118 


(02 

D2) D1 

E3 




119 

Ik- 

(02 

112 ) D2 

E2 




120 

Hf 

(02 

112 ) 02 

B2 




121 


(02 

02) B2 

01 

El 



122 

D1 

E3 

(02 02) 

01 

E3 



123 

D1 

'b3 

(02 02) 

01 

01 

E2 


12 ^ 

D1 

53 

(02 02) 

02 

01 

El 


125 

112 

E2 

(02 02) 

02 

01 

ih 


126 

01 

53 

(02 02) 

01 

01 

12 


127 

02 

D2 

(02 02) 

01 

01 

E2 


128 

112 

E2 

(02 02) 

02 

E2 



129 

02 

D2 

(02 02) 

01 

E3 





D1 

M. 





130 

Ik- 

(02 

01 El ) 





131 

Ik- 

(02 

01 B1) 

A1 

B1 

01 

El 

132 

D1 

£3 

(02 01 B1 ) 

02 

01 

El 

133 

D1 

E3 

(02 01 El ) 

B1 

01 

E2 

13^ 

D1 

23 

(02 01 ] 

SI ) 

B1 

02 

El 

'i \ 

01 D3 






135 


(01 

03) Ik- 





136 


(01 

03) 01 

E3 




137 


(01 

03) 02 

E2 




138 


(01 

03) 02 

12 
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St.^temcnt VI (contd.) 


404 

Zone no. Rainfall patterns 


139 

E4 

(Cl 

D3) 

7il 

B1 

Cl 

El 


140 

Cl 

E3 

(Cl 

D3) 

Cl 

D1 

E2 


141 

D1 

E3 

(Cl 

D3) 

C2 

E2 



142 

D1 

E3 

(Cl 

D3)D1 E3 



143 

D1 

E3 

(d 

D3) 

Cl D1 E2 


144 

Cl 

D1 

E2 (Cl 

D3)C1 D1 E2 







Cl 

D2 

El 

145 

E4 

(Cl 

D2 

Cl) 

C2 

E2 



146 

E4 

(Cl 

D2 

El) 

B1 

Cl 

E2 


147 

E4 

(Cl 

D2 

El) 

B2 

E2 



148 

D1 

E3 

(Cl 

D2 

El) 

Cl 

D1 

E2 







Cl 

D1 

E2 

149 

E4 

(Cl 

D1 

E2) 

E4 




150 

D1 

E3 

(Cl 

D1 

E2) 

D1 

E3 


151 

Cl 

E3 

(Cl 

D1 

E2) 

Cl 

D1 

E2 

152 

D1 

E3 

(Cl 

D1 

E2 ) 

G2 

D1 

El 

153 

D1 

E3 

(Cl 

D1 

E2) 

A1 

31 

Cl El 









D4 

154 

C3 

D1 

(CM) ‘'clt:!)! 

.E2 









D3 

El 


155 

E4 

(D3 

El.) 

IE4 





156 

E4 

(D3 

El) 

B2 

Cl 

El 



157 

C3 

D1 

(D3 

El) 

Cl 

D1 

E2 


158 

Cl 

D3 

(D3 

El) 

Cl 

D1 

E2 





A p pond 5.x 14,4 

(contd.) 


Stntcncnt VI 

(contd,) 

Zone 

no. Rainfall patterns 



D2 E2 


159 

E4 (D2 E2) E4 


160 

E4 (D2 E2)A1 B2 El 


161 

D1 E3 (D2 E2) C2 D1 El 


162 

D2 E2 (D2 E2) G2 D1 El 


163 

.D4 (D2' E2) D1 E3 


164 

Cl D1 E2 (D2 E2) Cl D1 

E2 

165 

. D2 E2 (D2 E2) C2 E2 


166 

D1 E3 (D2 E2) Cl DI E2 



D1 E3 


167 

D2 E2 (Dl E3) C2 Dl El 


168 

C3 D1(D1 E3) Cl Dl E2 



M. 


169 

E4 (E4) E4 


170 

E4 (B4) C2 Dl El 


171 

Dl E3 (E4) C2 E2 


172 

Dl E3 (E4)B1 C2 El 


173 

D4 (E4) Dl E3 


174 

D4 (E4) Cl Dl E2 


Mote: 

Rainfall patterns above- have been listed according to 
docroasing order of the rainfall patter’^e of the ^ 

southwest monsoon months of Juno to September (A4 to E4), 


typo - rnonsooi'i no. 

A 

3 

C 

D 

iH 

of all-India patterns 

73 

31 

49 

15 

6 
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APPENDIX 14.5 

(Paragraph 14.5.3) 

Statement I- Rainfall Regions - Geographical (reporting) 
and Gross Cropped Areas 


n 

ion 

Rainfall 

Geographical 

% to 

Gross 

% to 

i. 

pattern 

area (sq km) 

all-India cropped 
area 

(thousand 

all- 

India 

i. 

E4 

(E4' E4 

1353C» 

5.05 

4311 

2.73 

2. 

E4 

(Cl B3) E4 

133343 

4.95 

7971 

5.04 

3. 

E4 

(C2 Eg) E4 

186613 

6.96 

14127 

8.94 

4, 

E4 

(C4/C3) E4 

365350 

13.63 

26707 

16.90 

5. 

E4 

(Bl Cl 52)E4 

54415 

2.03 

2950 

1.87 

6. 

E4 

(B2 E2)E4 

28980 

1.08 

1461 

0.92 



X&2.C1 E1)E4 

194729 

7.29 

13789 

8.72 

8. 

E4 

(B2 C2' E4 

79041 

2.95 

5262 

3,33 

9. 

E4 

(B4/B3) E4 

45358 

1.69 

4007 

2.54 

10. 

E4 

(A1 C ■) E4 

9844 

0,37 

616 

0.39 

11. 

E4 

(A1 Bl Cl El) 

E4 36605 

1,37 

2203 

1.39 

12. 

54 

(»1 31 C2)E4 

104859 

3.9I> 

6440 

4.07 

13. 

E4 

(A2 Cl HI) E4 

68742 

2.56 

3862 

2.44 

14. 

E4 

(A2 C2, E4 

94543 

3.53 

t) ' 

5533 

3,50 

15. 

E4 

(A2 Bl Cl) E4 

193448 

7.22 

11965 

7.57 

16. 

E4 

(A2 B2) E4 

254641 

9.50 

11302 

7.15 

17. 

E4 

(A3 Bl) E4 

9692 

0,36 

283 

0.18 


Total (1-17) 

1995512 


122789 

77.68 
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Statement - I (contd) 

Region Rainfall Geographical % to Gross % to 

no, pattern area (sq km) all- cropped all- 

India area India 


(thoOsand fca) 


18. 

E4 (E4) Cl E3 


3833 

0.14 

139 

0.09 

19. 

E4 (E4) C2 E2 


39189 

1.46 

2105 

1.33 

20. 

E4 (E4) Bi C2 El 


5662 

0 .21 

192 

0.12 

21. 

E4 (E4) B2 Cl El 


6804 

0.25 

225 

0.14 

22. 

E4 (E4)A1 B2 El 


1907 

0.07 

127 

0.08 

23. 

E4 (Cl E3) Cl E3 


35324 

1.32 

1551 

0.98 

24, 

E4 (Cl E3) C2 E2 


34939 

1.30 

1469 

0.93 

25. 

E4 (Cl E3) B2 E2 


4724 

0.18 

157 

0.10 

26. 

E4 (Cl E3) A1 Bl 
El 

Cl 

^5551 

0.21 

262 

0.17 

27. 

E4 (C2 E2) C2 E2 


60320 

2,25 

2947 

1.27 

28. 

E4 (C2 E2) Bl C2 


16745 

0.62 

1061 

0.67 

r', ^ 

- ' t 

El 






29. 

E4 (C2 E2) A1 Bl 

Cl 

4458 

0.17 

321 

0,20 


El 






30. 

E4 (C4/C3) Cl E3 


62037 

2.3a 

4110 

2.60 

31. 

E4 (B3 Cl) Cl E3 


35159 

1.31 

1380 

0.88 

32. 

E4 (A1 C3) Cl E3 


5622 

0.21 

262 

0.17 

33. 

E4 (Al Bl C2)C1 E3 

6090 

0.23 

156 

0.10 

34. 

E4 (A2 Bi Cl)Cl E3 

3063 

0.11 

80 

0.05 

35. 

E4 (A2 B2) Cl E3 


23203 

0.87 

1395 

0,89 

36. 

E4 (A4/A3)C1 E3 



1.96 

1110 

0.71 

37. 

Cl E3 (A4/A3) E4 


4600 

0,17 

413 

0.26 



Appendix 14.5 (contd) 

Statement - I (contd) 

Region Rainfall Geographical % to Gross % to 

pattern area (sq km) all- cropped all- 

India area India 

(thou«^iTid' ha) 


38. 

Cl 

E3 

(E4) Cl E3 


2665 

0.10 

129 

0.00 

39. 

Cl 

E3 

(Cl E3) Ci 

E3 

21933 

0.82 

1030- 

0,65 

40 . 

Cl 

E3 

(C2 E2) Cl 

E3 

12908 

0.48 

V95 

0.50 

41. 

Cl 

E3 

(BI C3) Cl 

E3 

795 

0.03 

44 

0.03 

42. 

Cl 

E3 

(A1 B2 Ci) 

Ci 

E3 679 

0.03 

33 

0.02 

43. 

Cl 

E3 

(A2 Cl El) 

Cl 

E3 3256 

0.12 

70 

0.04 

44. 

Cl 

E3 

(A2 B2) Cl 

E3 

55076 

zuOs 

4092 

2.59 

45. 

Cl 

E3 

(A4/A3) Ci 

E3 

9742 

0.36 

359 

0.23 

46. 

Cl 

E3 

(BI C2 El) 

C2 

E2 2845 

0,11 

35 

0.02 

47. 

Cl 

E3 

(BI C3) B2 

E2 

571 

0.02 

61 

0.04 

48. 

Ci E3 (B3 Ci) E4 


20845 

0.78 

2;,67 

1.37 

40. 

Cl 

E3 

(A4/A3) BI 


8660 

0.32 

431 

0.27 


Cl 

H2 






5G, 

C2 

E2 

(C2 E2) Cl 

E3 

7070 

0.26 

75 

0.05 

51. 

C2 

E2 

(B2 Cl El) 

Cl 

E3 1143 

0,C4 

29 

0,02 

52. 

C2 

E2 

(A2 Cl El) 

Ci 

E3 2484 

0.09 

51 

0.03 

53. 

C2 

E2 

(A2 BI Cl) 

C2 

E2 3105 

0.12 

110 

0.07 

54. 

C3 El 

(E4) Cl E3 


4278 

0.16 

182 

0.12 

55. 

31 

E3 

(A3 BI) Bi 

Cl 

16887 

0.63 

1221 

0.77 


E2 








56. 

Bi 

Cl 

E2 (A1 BI C2) 






Bi 

Ci 

E2 


,2207 

0.08 

193 

0.12 

57. 

Bi 

Cl 

E2 (A2 BI Ci) 

6073 

0.23 

321 

0.20 


E4 








58. 

BI 

Ci 

E2 (A4/A3) 

A1 

13326 

0.50 

1048 

0.66 


BI 

E2 







59. 

BI 

Cl E2(A4/A3) Cl 

24653 

0.92 

938 

0,59 


E3 













221,201 

8.26 

13419 

8.47 
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Statement - I (contd) 



Region 

no. 

Rainfall 

pattern 

Geographical 
area (sq km) 

% to 
all- 
India 

Gross to 

cropped all¬ 
area India 

(thouaahd ha) 

60 . 

A1 

Cl E2 (A4/A3) 34665 

1.29 

1806 

1.14 


Cl 

E3 





61. 

A1 

Cl 

B1 Cl El (A1 B3) 1879 

E3 

0,07 

38 

0.02 

62. 

A2 

Cl El (A4) 

Cl E3 10547 

0.39 

365 

0,23 


total (18-62) 

680145 

25,37 

35098 

22.20 

Special 

(two zones of i 4857 

Kerala '«nd f ivea 1 u 

of,Tamil Nadu) 

0.18 

187 

0.12 

All 

-India 

2680514 

100 

158074 

100 
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Statanont II - Nunfoer of Taluks un'’or oacjl cf the E-ainfall Regions 


Ragion rainfall pattei'n 

states niimbejr of 

n’jrrfljvar 

and Calanda?'month 


distii c 

ts taluks 

oquivalants 




1 . E4 (E4) F4 

Rajasthan 

6 

23 


Haryana 

1 

3 

all months vath 

Punj ah 

2 

3 

loss than lo cm pm. 

Himachal Readash 

2 

3 


cr^Tnmti £( Kashmir 

3 

13 

2. E4 (Cl E3) E4 

Rajasthan 

1 

2 

Cl 

Gujarat 

4 

19 

S GI 

Maharashtra 

5 

20 

Andhra Pradesh 

3 

9 


Karnataka 

6 

37 

3. E4 (C2 

ISmachal Pradesh 

1 

o 

J1 C2/AU C2/Jn Cl 

Punj ah 

8 

22 


Ha.ryana 

5 

13 


Raj asthan 

15 

61 


Guj arat 

5 

20 


Maharashtra 

6 

i 5 


/jidhra Pradesh 

I 

3 

4, U4 (C4 / C3) E4 

Umachnl Pradesh 

1 

3 

Oh (C4 / C3 ) 

Punjab 

3 

8 


Haryana 

4 

12 


Raj ast’nan 

4 

20 


Uttar Pradesh 

10 

34 


Madhya Pradesh 

3 

11 


Gujarat 

6 

17 


Maharashtra 

17 

U'l. 


Karnataka 

3 

19 


/kndi'ira Pradesh 

SI 

60 

5. ^04 (il Cl El) E4 

Rajastiaan 

3 

14 

01 B1 Cl 

Gujarat 

8 

42- 

6 . E4 (B2 12) E4 

Gujarat 

2 

4 

J1 B?. 

Rajasthan 

0 

22 


Jearimu & Kashmir 

1 

1 


410 
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Apponr’ix 14.5 (ccntd) 
Statement II (ccntd) 
r rainfall 


region 

pattern 

state 

numb.ar of 
districts 

nu.ibor of 
taluks 

7. 

E4 (E2 Cl El) E4 

Jarnrnu 8. Kashmir 

1 

1 


J1 B2 Cl 

I-Emachal Fradesh 

2 

4 



fbnjab 

3 

8 



Han'ana 

1 

4 



Raj astlian 

9 

37 



Uttar RL'adosh 

29 

86 



Madhya ftradesh 

8 

31 

0* 

E4 (B2 C2) B4 

Bihar 

4 

6 


Jn Cl nz Cl 

Uttar Pradesh 

4 

8 



Madhya Pradesh 

6 

21 



Gujarat 

2 

6 



Maharaslitra 

2 

6 



Andhra Pradesh 

4 

3 

9. 

B\ / B3) E4 

Uttar Bradesh 

9 

20 


Jn (a; / 33} 

Bihar 

6 

11 



AkCdhra PTadesh 

1 

5 

10, 

E4 (M C3)' H4 

Gujai'at 

o 

16 


Jn Cl A,! C2 




11. 

2+ (;i 31 Cl ED.) 2^ 

'f Uttar Piadosh 

0 

6 


J], A.1 BL Cl 

Madhya Pradesh 

3 

6 



Gujarat 

•w 

14 



Rajasthan 

1 

4 



lEmachal Pradesh 

4 

8 

12. 

m (Al El C2) 

Bihar 

3 

3 


Jn Cl I'd B1 Cl 

Uttar Pradesh 

3 

7 



Madhya Pradesh 

7 

15 



Gujarat 

5 

23 



' MahararJitra 

t-* 

t 

17 



Andhra Pradesh 

2 

8 
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Statamont II (contd) 


, rrdnfall 

region paxtom 

state 

rumber of 
districts 

rrTrrJj'.ir of 
talu.^cs 

13. 

E4 {:a Cl SI) B4 

Jofnmu 8. Kashmir 


•7 

• 


J1 hp_Cl 

ramachal Pradeeh 

1 

4 



PuiX; 

1 

1 



Raj asthsn 

4 

3 3 



Uttar Pradaah 

4 

12 



Madhya Pradesh 

5 

13 

14. 

E4 (/.2 C2) m 

Madhya Bradash 

16 

46 


3ti Cl ta Cl 

Uttar Bcadadi 

3 

4 



JEmachal Pradesh 

“3 

6 

15. 

E4 (/2 B1 Cl) S4 

IflLmachal Pradesh 

1 

rh 


Jn Cl BI 

Ui.tar Pradesh 

12 

a 



Bihar 

.IC 

19 



West Bengal 

2 {fail) 




Madhya Pradesh 

9 

19 



Ci’ijarat 

3 

Xo 



.Maharashtra 

6 

13 



Andhra l/rndesh 

I 

2 

15. 

iv* (/t?. F;i'/ m 

Bihar 

7 

1.6 


Oa i:i Ai Bl.. 

Crlsnr. 

o 

o 

il" 




7 

2;3 



Giviarat 

1 

4 





93 



Mahai-aebtra 

3 

3 



y\nc!h-ra Pradea'. 

X 

1 

i?. 

E4 C/>? *24 

G'ularat 

2 

5 


1-1 i\Z 31 

Mhharashtra 

n 

y 12 
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App Gnctix 14,6 (c td ) 
■S tGt OT ont II (c ontd ) 


region rainfall pattern 


fe-tate 


.of n’;jrrl>er of 
districts taxuns 


10. 

E4 (E4) Cl E3 

Karnataka 

1 

2 


O-'kll 

lUmachal Pradesh 

1 

4 

19. 

E4 CE'4) C2 12 

OC2. 

Tamil Hadu 

5 

29 

20. 

E4 (■E4) BI C2 El. 

(5 Cl 

Tamil Nadu 

2 

5 

21. 

E4 (E4) D2 Cl EL 

0 D2 Cl 

/uadhra Pradesh 

1 

5 

22. 

B4 (E4) /a E2 el 

0 Bl A1 D1 

Tamil Nadu 

1 

2 

23. 

S4 (gL E3) d E3 

/indhra Pradesh 

1 

6 


S C2 

Karnat a ka 

7 

26 

24. 

m (cl E3) C2 E2 

Tamil Nadu 

3 

8 


S C3 

Andhra ftradesh 

4 

13 

25. 

E4 (Cl E3) IS K 

S Cl IS 

Andlira Pradesh 

]. 

3 

26. 

E4 (Cl E3) M D1 Cl El 

Tamil Nadu 

1 

2 


S Cl Bl A1 Cl 

iVidhra Pradesh 

2 

3 

27. 

E4 ( C2 E) C2 E2 

Tamil Nadu 

9 

30 


Au C4 

Andhra Pradesh 

2 

7 



Karnataka 

5 

24 

28. 

E4 (C2 E2) BL C2 a 

Au C3 Bl Cl 

Tamil Nadu 

5 

17 

29. 

E4 (C2 S) A1 D1 Cl Bl 
Au C2 Bl A1 Cl 

Tamil Nadu 

3 

5 

30. 

B4 (C4/:3) Cl E3 

Jn (C4/fc3) 0 Cl 

Karnataka 

Andhra Pradesh 

7 

14 

57 



Orissa 

1 

1 



Himachal Pradesh 

1 

2 
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-Appendix 14,5 (contc’) 
Statomant II (cent:’) 


region rainfall pattorn state 


nuniD-ar ct n-'ambor o 
districts talul<s 


31. 

E4 (B4/D3) Cl E3 

Orissa 

6 

25 


Jn (B4/B3) 0 Cl 

Andhra Pradosh 

2 

4 

32. 

E4 (Al C3) Cl E3 

Jn Cl Al C3 

Maharaslatra 

4 

12 

33. 

E4 (Al D1 C2) Cl E3 

Jn Cl Al 31 C2 

Axidhra ftradosh 

Karnataka 

1 

1 

A 


3 

4 

34. 

E4 (A2 11 Cl) Cl E3 

Karnataka 

1 

1 


Jn Cl A2 B1 Cl 

mnachnl Pradesh 

1 

6 

35, 

H4 (A2 12) Cl F3 

Jn a A2 B1 Cl 

Orissa 

6 

24 

36. 

K4 (A4/A3) Cl E3 

Jn (A4/A3) 0 CL 

Karnataka 

Maharashtra 

4 

5 

20 

41 



Oilssa 

1 

3 

37- 

CL E3 (A4/a3)- E4 
fvly Cl Jn (A4/A3) 

Bihar 

1 

2 

33. 

Cl E3 CE4) Cl E3 

My Cl - 0 Cl 

Karnataka 

1 

2 


Himachal Fbadosh 

1 

1 

39. 

Cl E3 (Cl E3) Cl E3 

My Cl _ S C2 

Tamil Hadu 

Kai'nataka 

1 

2 


4 

21 

40. 

Cl E3 (C2' G2) Cl 53 

My Cl > Au G3 

Tamil Madu 

2 

9 


Karnataka 

1 

6 

41. 

Cl E3 (B1 C3) Cl S3 

My C2 B1 C3 

Assam 

1 

2 



Appcnr’ix 14:v5 (contd) 
St^tonont II (ccnt'l) 


region rainfall pattern 


numl-' Jr of 
districts 

nur'.’' 

tnlu 

42k Cl as (AL B2 Cl) Cl E3 

7issam 

1 

2 

My Cl B1 M D1 C2 

43* Cl E3 Cl El) Cl E3 

J & K 

1 

3 

Ja C2 - J1 Cl 

Cl H3 (,'\2 132) Cl E3 

Ass am 

2 

3 

% Cl B1 : A2 a Cl 

Bihar 

1 

1 


West Bengal 

6 

- 


Orissa 

2 

9 

45. Cl E3 {lA/:3) Cl E3 

Karnataka 

4 

10 

Hy Cl Jn (A;yA3) 0 Cl 

‘16. Cl E3 (B1 C2 El) C2 E2 

Ja C2 - J1 a C3 

HLmachal 

Pradesh 

1 

2 

47. Cl E3 (B1 C3) B2 E2 

Kerala 

1 

1 

My C2 3L C2 12 

48. Cl E3 (B3 Cl) El 

West Bengal 

4 


My Cl B3 d 

49. Cl E3 {tA/ia) B1 Cl- E2 

Karnataka 

1 

4 

My Cl Jn (A4A3) 0 B1 Cl 


iCerala 

2 

5 

50. C2 E2 CC2 H2) Cl E3 

Ja C3 - Jl C2 

Himachal 

RL'adesh 

3 

3 


Jammu & 
Kashmir 

1 

3 

51. C2 E2 (32 Cl El) Cl E3 

Ja C3 - Jl Cl BZ 

Jammu & 
Kas'.mir 

1 

2 

52. C2 E2 (72 Cl El) Cl E3 

Ja C3 - Jl 72 Cl 

Janrau & 
Kaslimir 

2 

3 
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Appen^Ux 14*5 (contd) 
St-^tomont II (contd) 


16 


region rainfall pattern 


state 


nii'nbrr of nunber 

c^istrlcts trluis 


53. 

C2 E2 (/2 B1 Cl) C2 E2 

Ja C3 - Jn Cl (2 D1 Cl 

Kim a c’n al s da 

2 

3 

54. 

C3 EL (E4) Cl E3 

Ja C4 

Jamau & Kashmir 

3 

11 

55. 

B1 E3 (A3 Bl) B1 Cl E2 

Hy D1 A3 B2 Cl 

Kerala 

6 

21 

56. 

Bl Cl Et (A1 Bl C2) Bl Cl 
!p Cl Bl Al Bl C2 Bl Cl 

E2 Kierala 

2 

5 

57. 

Bl Cl E2 (/2 Bl Cl) E4 

Cl Bl A2 Bl Cl 

Assam 

3 

12 

58, 

Bl Cl E (A4/A3) Al Bl E 
.•p Cl Bl Jn (A4/A3) 0 /JL 1 

Kerala 

3. 

4 

23 

59. 

3; Cl E2 (A4/A3) Cl E3 

4 Cl Bl Jn (A4/A3) 0 Cl 

Assam 

IVest Bengal 

4 

1 

35 

60, 

/J. Cl E (A4/A3) Cl E3 
tp Cl M Jn (A4//k3) 6 Cl 

Assam 

West Bengal 

4 

2 

30 

61. 

Al Bl Cl E (Al B3) Cl E3 
Ivla Cl 31 12 B3 Cl 

/issam 

1 

1 

62. 

/2 Cl El (A4^ Cl E3 
^fa Cl a 6 Cl 

Assam 

3 

15 
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ikppondix 14s 5 (coutcU) 

Statononb II (contd,) 

Notes: 

I r. l/hila drevneg boundaries of Rai>;ifall Zones C^^jid hence also of Hogioias) 
tho vtnit of ca’oa is taluic oxcopting 5 ji Assoxi, V/est Bengal and Bihor v/horo 
the ijhit is poiico station, district and subdivision respectively* The f'upa\es 
shown in the last colusui under taJxdcs against Bihro: and Assasn thus repscsont 
aundivdflion and poiico station rospoctivelj'’* iigainst West Bengal, the’ cnt-:y is 
left blank as only full, distriots ere iryolvod. 

2. Per want of data oroas of 99 poiico stations (against a total of 1C3) only 
have boon considered in JLsaon, 

3« In talules in cr close' to L-;ootcrn Gliats is, Malvrashtra and K-irmt9.k;'., 
rainfall pat^terr^a v.ory in tho srno taluk anri there nro two in g^rora.!* 

Because of lihiej o nunbor of thou arc shown in tv70 different Zorns/^legions in 
pcirt.s as (-^j f etc,), Ln Issan, Imlflong area is shown in two Zono.s/ilogicrs, 
Details of those are contained in ikpporklix 14*6, Statement V, Here , for 
co’wonioncc t]ic feast,ions of taluks have not boon shewn; each frD.ctior.iil 

I j 

taluk aron. has been, talccr, as one for entry in t>'no last coiunr. of tl.is 
otatonent, 

4* ?or each rainfall, pattern (col 2), all tho loonths with 10 on pn cr higher 
are shenvn in Ccilordor sequence together with uonth of connenconcii. o.g, 

S4(C2 22)44 as J-^C2 i*Oo rainfall is in 1 0 - 20 cn pr. clas.s fer tw^o nentbs 

I ( < 

Jf-’en Jul;.", 
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APPEmiX 14.6 

(paragraph 14.6.1) 

Statanent II - Relative Yield InQ^p^ (RYI) values 

of principal Crops'^' 


States Union Territories 

R ice 

Pfheat 

jowar 

iiajra 

M aize 

Jamniu & Kashmir 

141 

80 

198 

115 

91 

Himachal pradesh 

103 

70 

79 

- 

161 

punj ab 

141 

181 

155 

2 39 

138 

Chandigarh 

- 

- 

- 

- 

- 

Haryana 

125 

162 

42 

128 

98 

Delhi 

108 

143 

73 

220 

57 

Raj as than 

73 

92 

71 

61 

74 

Uttar Pradesh 

70 

loo 

118 

149 

89 

Madhya Pradesh 

72 

57 

12 4 

118 

71 

Bihar 

71 

73 

90 

111 

90 

Orissa 

85 

102 

139 

156 

77 

West Bengal 

11 Hi 

170 

12 4 

109 

84 

ATunachal Pradesh 

76 

- 

- 

- 

- 

Assam (b) 

92 

49 

- 

- 

50 

Nagaland 

80 

- 

- 

- 

- 

Manipur 

131 

- 

- 

~ 

197 

Tripura 

79 

- 

- 

- 

- 

Guj arat 

79 

116 

60 

147 

97 

Maharashtra 

99 

4o 

89 

77 

71 

Qadra & Nagar Haveli 

109 

- 

- 

- 

~ ■ 

Karnataka 

163 

30 

137 

88 

2 62 

Goav Daman & Diu 

121 

- 

- 

— 

_ 

Andhra Pradesh 

118 

19 

89 

104 

111 

Kerala 

132 


85 

— 


Andaman &. Nicobar 

Islands 

115 

- 

- 

- 

- 

Tamil Nadu 

159 

27 

146 

143 

loo 

Lakhs hadweep 

- 

- 

- 

— 

— 

Pondicherry 

181 

“ 

- 

2 59 

— 

All-Tndia average 
y i e Id (to nn es /ha) 

1.09 4 

1.228 

0.506 

0.457 

1.079 


oontd. 



A’jpcndix 14,6 ~ Sta'to'riGnt 11 (contd) 


427 


States/Union Territories; Snif-xll pagi BisrleS’' X;ur G ram 



millets 





u Kas’nmir 

17 6 

- 

53 

- 

36 

Himechcil praoesl*! 

226 

92 

121 

71 

89 

pur.j ab ; 

194 

- 

loi 

92 

128 

Chcindigarh 

~ 

- 

- 

- 

- 

Haryana 

258 

- 

121 

61 

131 

Delhi 

- 

- 

82 

- 

9 3 

Pvaj as than 

77 

- 

12 6 

57 

9 6 

Ucliar Pradesh 

163 

94 

94 

163 

113 

Madhya Pradesh 

62 

34 

90 

94 

78 

•'inor 

116 

71 

70 

107 

99 

Orissa 

105 

110 

- 

BO 

86 

West Eiengal 

157 

101 

)C> 

108 

115 

/»r ui 'acllal pt • -d esh 

- 

- 

- 

_ 

- 

Assam (b) 

119 

- 

- 

99 

75 

H'-gal and 

- 

- 

- 

- 

- 

M.ar:ipnr 

- 

- 

- 

- 

- 

Tripura 

- 

- 

“ 

57 

~ 

Guj ar at 

188 

91 

38 

67 

91 

Maharashtr a 

104 

97 

66 

68 

44 

Dacra & Ksigar Kaveli 

loo 

- 

59 

- 

Karnataka 

67 

99 

6S 

71 

61 

Goa./. Daman & Diu 

- 

- 


- 

- 

^4110 j ;r a pr rid es i. 

56 

92 

- 

50 

39 

Kerala 

137 

164 

- 

57 

- 

Ar.'. a::.an & locooar 

Is la lids - 

- 

- 

- 

- 

Tamil Hacu 

199 

12 6 

- 

57 

81 

Lak3ba;.-veep 

- 

- 

- 

«- 

- 

Pond isherry 

- 

191 

- 

- 

- 

a 1 l-Irdia aver age 
( Lora-^cs/ha) 

yield 0,378 

0.790 

0.986 

0.701 

0 , O' 


con to 





^,pr. cl I--! , 6v-. S baticment. ' II (cont.d} 


States/union Territories 0-“her 

p Li X S 

Ground¬ 

nut 

S esa- 

mum 

tine- 

seed 

C astor 
seed 

Jatnmu fi Kas’-irnir 

169 

407 

122 

320 

- 

Himachal pradesh 

88 

136 

119 

90 

- 

praiab 

12 8 

12 4 

188 

219 

- 

Chandigarh 

- 

- 

- 

- 

- 

Haryanc 

ICS 

99 

167 

212 

- 

Delhi 

94 

- 

- 

- 

- 

Raj as than 

52 

58 

54 

131 

136 

Uttar Pradesh 

212 

96 

86 

97 

23C 

Madhya pradesh 

83 

85 

83 

91 

110 

Bihar 

158 

91 

149 

255 

152 

Grigsa 

133 

160 

234 

154 

219 

West Bengal 

159 

- 

281 

115 

- 

/,runac'lal pr ad esh 

- 

- 

- 

- 

— 

/iSsaiTi (b) 

94 

- 

243 

188 

1 4? 

I'vaga-i. ^ind 

- 

- 


- 

- 

Manipur 

- 

- 

- 

— 

- 

Tr ipur a 

92 

- 

202 

- 

- 

Guj arat 

65 

96 

147 

- 

175 

Maharashtra 

74 

91 

107 

81 

52 

Da.dra & Nagar Havel i 

- 

- 

- 

u 

— 

Karnataka 

73 

92 

130 

loo 

163 

Goa/ Daman St Diu 

- 

- 

- 

, 

- 

/indhra pra.desh 

53 

103 

101 

68 

70 

Ker ala 

98 

197 

164 

- 

— 

Andaman & Nicobar Islands 

_ 

- 

- 

- 

— 

Tamil Nadu 

57 

12 6 

159 

— 

139 

Laks hadweep 

- 

- 

- 

- 

— 

Pondicherry 

All-India average yield 

— 

167 

167 

- 

- 

( -:.r'es/h.c; 

0.378 

0.736 

0,200 

0.235 

0.303 


contd 
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Appendix 14,6». 

States/uni*ri 

Statement ll 

Rape & Saf“ 

(contd) 

Niger 

Potato 

42b 

S ugar 

Territdries 

Jammu & Kashmir 

mus t .ar ed f 1 ov.' 

144 

er 

45 

ca.r.e 

2 3* 

Himachal prades^ 

64 

- 

- 

55 

23 

punj a)i» 

104 

- 

“ 

140 

7 6* 

Chandigarh 

- 

- 

- 

- 

- 

Haryana 

121 

- 

- 

170 

€ 9 * 

Delhi 

- 

- 

- 

61 

10 

Rajasthan 

133 

- 

- 

28 

38* 

Uttc^r pr -'desh 

103 

~ 

- 

106 

84* 

M-'dhya pradesh 

61 

112 

76 

12 4 

51 

Bih^r 

103 

142 

148 

113 

79* 

Orissa 

80 

- 

180 

129 

107* 

West Bengal 

61 


- 

94 

loo 

/orunrachal pradesh 

- 

- 

76 

- 

- 

/iSSOT (b) 

73 

- 

- 

55 

84* 

Nagr?.land 

- 

- 

- 

- 

- 

Manipur 

- 

- 

- 

- 

- 

Tripura 

77 

- 

- 

76 

71 

Guj ar at 

83 

- 

- 

2 62 

100* ^ 

Mhar as htr a 

40 

109 

- 

50 

149* 

Dadra & K a gear Havel i 

- 

- 

- 

- 

— 

K-.mat aka 

55 

78 

61 

50 

175* 

Go.a/ Daman & Diu 

- 


- 


146 

7 indhra pradesh 

64 

94 

123 

42 

153* 

Kerala 

- 

- 

- 

- 

118* 

/jidama.n & Micobar islands 

, ~ 

- 

- 

- 

T.->mil Nadu 

38 

- 


93 

169* 

La.ks hadweep 

- 

-■ 

- 

~ 

— 

Pondicherry 

~ ■ 

-■ 

- 


19 6 

7..11~lndia average yield 

0.520 

0.223 

0.223 

8.661 

5.014 


(tonnes/ha) 



'130 


31.<HfcetT)erj't II (oon'td) 


Statcs/union Territories 

Jommu Si Ki=?shmir 

Himachal pradesh 

punj ab 

Chandigarh 

Haryana 

Du’!.'''! 

Raj as than 
Uttar Pradesh 
Madhya pradcsh 
Bihar 
Orissa - 
West Bengal 
Arunachal Pradesh 
it.3Scim (b) 

Na.gnl<and 

Manipnr 

Tripura 

Guj ar at 

Maharashtra 

Dndra & Nr car Haveli 

Karnataka. 

Goa, Daman & Diu 
/jidhra Pradesh 
Ker a.la 

Andaman Nicobar islands 
Tamil Nadu 
La.ksha.dw e ep 
Pondicherry 

All-India ever cage yield 
<tonnes/ha) 


■ ute 

cotton 

M es t --’ 

nenip 

- 

359 

- 

t j 

- 

198 

- 

69 

- 

305- 

i: 

69 

- 


- 

- 

- 

2 63 

- 

r; r 

- 

154 

* 


- 

111 

22 

80 

117 

131 

- 

,.'.06 

- 

65 

46 

' - j. 

75 

■214 

119 

' * o 

104 

256 

138 

A.'y2 

101 

- 

isr 

212 



- 

- 

lie 

62 

id? 


- 

- 

- 

- 

- 

- 


- 

116 

138 

178 

- 

- 

144 

- 


- 

56 

49 


- 

- 

- 


- 

53 

53 

bi.' 

- 

- 

- 

- 

~ 

45 

92 . 

:i2o 

- 

92 


- 

- 

- 

- 


- 

164 

L29 


- 

- 

- 


- 

308 

... 


1.187 

0.117 

0.‘63:: 

v' ; ' cO' 


-p obacco j 

167 

47 

125 

89 

125 

93 

108 

65 

121 

102 

i'05 

'94 

39 

148 

53 

61 

84 

207 

185 


0.795 


(.a) Relative yield index-(RYI) is the State yield expressed 
as pesTcentage of call-indin and is based on data for the 
^.iennixjm ending 1970-71 as published in the Estimates 
^ /itea and production of principal Crops in India./ 
^971-72/ Directorate of Economics and Stcatistics, 
Mfiistry of /agriculture A Irrigation, Government of Iri 

. V 

(b) Vnqludes MGgha.lcayca & Mizoram. 



Appendix 14*6 


(Paragraph 14,6,2) 

Statement III - Cropping Patterns - Statev/ise 
Notess- 

1, Cropping patterns of taluks with some dominant 
and some common crops but differing generally 
in one or tv;o crops are grouped together and 

tho differing crops shown as alternates by oblique 
lines e.g, Pd^H^Pu^/Jk^. 

2, In a few cases taluk patternshave been shown under 
* special' as they do not fit in with neighbourhood. 
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Appendix 14,6 
Statement 


Aidhra Pradesh 

1. Pdl 

2. Pd2 Pu^/;^/Ji4/GnV^/J4*'/^/Fbl+ 

3. Pd3 A- ^ 

Pd3 Griif Ph^/Paif 

5. Pd3 RA- 01- 

6. Pd3 PuV 5ir4 (U/^/To$ 

7. Pd3 Fr4 C4 

8. Pd3 Ri^ Qnlf Ji4/Fi4 

9. Pd3 Mt^/PuU- 

10. Pd3 0f 

11. F03 «Ti^+ <7^4 / /Pu^ 

12. Pd3 Jkif '0k/y4 /ptj. 

13. Pd+ Ji-4 /a4. /Pulf 

14. Pd^r Ri4 Jl^}- / Jlcif 

15. Pd’f 7v4 Gr.4 Ht4 / Jr4 

16. Pc'4 C:^.h 4x4 To4 / Cii4- Mt4 

17. Pd4' ^04^^44 d|. / 

18. PcVi- Jlpf 4 x’ 4 Pa4- / b4 

19. dS Bi5- / g4 

20. J>3 0-4 VSi- Mt4 

21. 01:3 ifr Hi- / Pu4 

01:3 04 Pl5 / Jr4 


(contd) 


22. 



Appendix 14.6 (contd) 
Statement III (contd) 
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23. 

Jk4. 

Pii4- 

II4- Pd4- 04- / Mt4• 


Jk4- 

Pd4- 

JI4- 04- b 4- / Pu4- 

25- 

J}t4- 

Mt4- 

ai4- Pu4- / C4- Jjif 

26. 

Jk4- 

Mt4- 

E4- 04- / Iii4. 

27. 



28. 

Jr3 

Pa4- 

Pd4 / / ;yk4- /ai4- 

29. 

J-i3 


Garh Pu4- 

30. 

Jr3 

Gn4- 

Mt4- / 

31. 

Ji4 

Jk4- 

Pu4 04- 

32-* 

Ji4 

Mt4- 

Pd4-To4-pi+/G4ilf 

33. 

Jiif 

R;i4- 

Jk4- / 04 Mt4 / 54- / Fd4- / Gn4- 

3^. 

Gn2 

^ / P(Jf 

35. 

C&13 

Pd4- 

f4 / ^ / E4 

36, 

Gn3 

Jk4- 

Mt4 /Pd4 

37. 

Qi3 

Pd4- 

Pu4 Ht4 / r4 E4 

38. 

(ii3 

Pd4- 

Ft4 / ]^ Pu4 

39. 

Gn4- 

Mt4- 

G4- Jk4 / Jr4 

4-0. 

Gn4- 

Mt4- 

Jk4 Jr4 / Pu4 

4-1. 

03 Jk4- ^ 

4-2. 

Pu3 

Pd4- 

Mt4 

4-3. 

Pu4- 

Pd4- 

Bf c4 / Jk4 Gn4 / Mt4 / Jk4 


41+. Pu 4 Pd^- 

45. M3 PdU- Jk^ / Pu^ 
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Appendix 14,6 (contd) 
Statement III Ccontd) 


Jk4 OM- / rtf 

^7. To4 Kik Jrif 5H-/ (Pd4 rtf ) 

48. rtf rtf Pd4 04 

49. 03 Mt4 Jrtf / (Gah Jr4) 

50. Mt3 rtf Pd4 Jk4 / Gn4 

51. Mt4 rtf Pd4 Jlc4 Cli4 / Jr4 

Special 

52. Pd4 Gn4 Ilrtf B4 rtf 

53. Pd3 Ch4 Jlc4 lib5 

54 . Pd4 Mt4 Pu4 r4 

55 . rtf Prtf Mt4 Pa4 Gn4 

56. Mt4 Gn4 Pa4 h4 01c4 

57 . Jk3. C4 Qi4 

58. Jk4 Gn4 c4 Pa4 rtf 

59 . Jl£4 Jr4 rtf rtf V4 

60 . J'r4 Pd4 Pu4 G4 



Appendix 14,6 (contd) 
Statement III (contd) 
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Assam 

1. Pd1 

2. Pd2 Ik- 

3. Pd2 Juk- 

Meghalaya 

1. Pd2 CSSk- 

2. Pd3 Fik- 

Tripura 

1. Pdi 

Manipur 

1. Pdi 

Nagaland 

1. Pd2 Mtk- / 

Mizoram 

1. Pdi 

Arunachal Pradesh 

1 . 

2 . 


Pdi 

Pd2 Mf / Mtk- / dk- 
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Appendix 14.6 tcontd) 
Statement III (contd) 


Bihar 

1. Pd1 

2. Pd2 Puif / V^+ / 

3. Pd3 PuV / 14+ / Juh 
Pd3 

5. Pd3 ^4+ Bjh (4+ 

6. Pd^- V)+ ^ / Bc.i+ / Pu^- 

7. Pu3 Pd4 l4f 

8. 16 Pd4 W+ 



Appendix 14,6 (contd) 
Statement III (contd.) 
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Gujarat 


1. Pd1 

2. Pd2 

3. Pd3 Pu^ 

4. Pd3 Pa4 / Ji^lf 

5* Pd^- Gn4 C4 Pa4 / Mt4 

6. B2 

7. B3 Gn^ Jlc^ / ^ 

8. S GnU- dA 

p4 

9. B3 Gn3 

10. B3 Jlc4 Ptf / Clf 

11. b 3 P4 Jkif Pu4 / 

12. S Pd4 Mt5 To 4- / Uf 

13. BS 0^ ptf. / 

14. B3 Jkh C4 W5 

19. JkU- W+ C4 / GnV / d4-// plf / Mt5 

16. ^ Jlc4 PdU- A /U4 

17 • Jlc 3 BH" Gn^ / V'M" 

18 . JIc3 d+ p4 

19. Jlc3 G4 Gn^pd4 /Fr4 

20. Jlc4- Pd4C4 Pa4 / Fr4 

21. Jr2 Gni+ V^+ 

22. Jr4 Pd4 C4- Mt4 
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Appendix 14,6 (contd) 
Statement III (contd) 


23. 16 W5 Pd4 / C^t- 

2l+. K3 Gnh Mt4 / (h 

25. Pd4 Qarh / /G4 

26. Gn4 Pd4 

27. Mt^ B4- 

28. Gn1 

Ga2 -&+ / / (h 

30. (ki3 B3 

31. Gn3 B4- Jkh /d+ 

32. ai3 

33. Qi4 C)+ / Pd^ 

3^. Cki^ Pu4- pif / Jk4 

35. tTrU- P>+ Bf 

36 . 01 

37. ,C2 / Jlc4 / 13+ 

38. G3 Jk’-+ 3+ / ]fh / mh 

39. C3 Jr4 Jk4- / Pd^f 

40. 03 Jr4- Pd4 To4 / Mt4 / (B+, ToU-) 

^1. C4 Pd4 B+ / To^ 

42. C4 Pd4j»4 Wj'k- / Pu4 

43. 04 Pd4 Mt4 Old / di4 / J]c4 / (G.r4, M^) 

44. lte3 B+ Pd4 



Appendix 14,6 (contd) 
Statement III (contd) 
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Special 

^5. Pd3 Sf C4 

46, b 4 Pd4 E4 

47, V4 ^ C4 Pd4 

48, Pa4 P4 JE4 ^ 

49 , Gn4 ^ C4 Pd4 

50 , C4 Gn4 l4f e4 

51 , E3 Mt4 04 Pd4 
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Appendix 14,6 (contd) 
Statement III (contd) 


Haryana 


1. 

B3 

G3 


2. 

B3 

(?+ 

'4+ 

3. 

G3 


C4 


(h 

Sf 

W-;-C4/JV 

5. 

W3 



6. 

W3 


: G4 Sf / A 

7. 

V6 

(h- 

A A /A 

8. 

V6 

(h 

Sf BA 

9. 

Pd4 ^^+ G4- 

10. 


(h 

Bf A BA 



i*ppendix 14,S(contd) 
Statement III (c^ntd) 
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Himachal Pradesh 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10 . 

11 . 

12 . 

13, 


14 . 


M3 

TJS M3 Pd4/ G4 

M M fi'|yG‘VPt4/Ba4/Ba4 Mt4 

W4 Ba4 ?t4 Mt4/lMt4 Pd4 
M2 V2 
M3 VI3 

M2> W3 G4/Pd4 
Ba2 W4/Pu4 
Ba3 Mt4 W4 
Mtl 

Mt3 B84 
Pt3 74 M4 
Fr4 74 M4/Mt4 
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Appendix 14,6 (contd) 
Statement III (contd) 


Jammu & Kashmir 


1 . 


2 . 

3. 

4. 


5 . 


6 , 


7. 

8 , 


9. 


10 . 


11 . 

12. 


M1 

M2 

M3 W3 


M3 W4 Ba4 / Pa4 / Mt4 / Pd4 
Mt3 V4-/ (t.74 Pa4) 

W3 M3 

W3 Pd4 / 

Pd3 / 0+ / 

Pd3 ^ Pu4 / Wf- 
Pd3 M3 
Pd3 W3 
Pd2 



Appendix 14,6 (contd) 
Statement III (contd) 


KarnatE^ 

1. L2 Pd3 

2. L3 Pd3. 

3. Gn3 B4 R4 

4. Gn4 Jk4 To4 S5 

5. Gn3 Jk4 C4 / W4 / pu4 

6. Gn4 Jr4 Jk4 34 / W4 

7. pu4 G4 Jk4 Jr4 

Gn5 

8. Pu4 Mt4 04 B4 Jr4 

9. Pu4 T4 Jr4 Gn4 C4 / Jk4 

10. PU4 Gn4 fit-; Jk4 W4 C4 

11. Pu4 Jk4 Mt4 B4 / Gn4 / R4 Gn4 

12. Jr4 Mt4 Gn4 Pu4 

13. Jr4 B4 Jk4 Gn4 

14. Jr4 B4 Jk4 Gn4»' Vil4 / M4 

15. Jr3 G4 Pu4 Jk5 

16. Jr3 04 Gn4 T4 / C4 / 74 B4 
17 . Jr3 04 74 

18. Jr3 B4 Gn4 / C4 

19. Jk3 Pu4 R4 / Gn4 

20. Jk4 Pu4 R4 Pd4 / OnS Pd5 

21^ Jk4 C4 Gn4 R4 / Pu4 

22« Jk4 Mt4 B4 Gn4 / C4 / C4 Pu4 

23 o Jk4 C4 Gn4 Vi(4 / Pu4 Pd4 Jr4 




Appendix 14,6 (contd) 
Statement III (contd) 


2a. C4 Jk4 Gn4 
2S% C3 Jk4 Mt4 
26t. C3 W4 Jr4 
27» C3 Jr4 Mt4 / Pd5 

C4 Jk4 Pu4 ,V.t4 Gn^r / S4 / Pd4 
• 2 ^. C4 Mt4 Jr4 Jk4 Pu4 

qCh C4 Jr4 Jk4 f'.lt4 / Gn4 / Gn4 Pu4 / B4 / 34 Mt4 

Zlt R2 Pu4/Pd4 / Pu4 Pd4 / ?u4 Pd5 / P«4 

R3 Pd 4 Pu4 L4 / Jk4 
BS-. R3 Pu4 Nf4 

R3 Gn4 Pd4 / Mt4 / Pu4 / Pu4 Pd4 
R3 Pu4 Pd4 / L4 

R4 L4 Pu4 Mt4 / Jk- ^ / Fd4 / Mt4 JH 
37 • Mt4 R4 Jk4 Pu4 
33,- Pdl 

53. Pd2 L4 / 34 / f/.5 / V- / FI 
40.. Pd3 R4 L4 / Pu-; 

41..,. pd4 R4 F4 J!c5 
42V, pd4 C4 Jk4 Mt4 Ch4 


43c Pd4 C4 Gn4 Pu4 
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i*ppendlx 14,5 (coafcd) 
Statement III (con$||J 

44. Pd4 R4 Jk4 Gn4 / Pu4 

45. Pd4 R4 Pu4 S4 / Jk4 

46. Pd4 R4 Pu4 / L4 

47. ^^3 C4 Jk4 / Jr4 

48. Nf2 Pd4 R4 

49. r, B4 Jk4 M4 Pu4 Gn4 

= 'Non-food crops 



Appendix 14,6 (contd) 
Statement III (contd) 


¥f6 


1. 12 Pd4 (Ta4) 

2. L3 Pd3 (Ta4) 

3. L3 Ta4 Pd4 

4. Pd2 L4 

5. Pd3 L3 



Appendix 14.6 (contd) 
Statement XII (contd) 


Mcdiiya ; 

Pradesh. 

1. 

Pdl 

2. 

Pd2 Mt4 / Pu4 

3. 

Pd3 Mt3 

4 • 

Pd3 Mt4 Pu4 / G4 / 04 / V/4 

5. 

Pd3 W4 G4 / Mt4 / 04 

6. 

Pd3 Mt4 Pu4 W4 

7. 

Pda W4 G4 Mt4 / pu4 

8. 

Pd4 G4 W4 Jk4 Ba4 

9. 

Pd4 Mt4 G4 04 W4 

10 <. 

W2 

G4 / Pu4 / Jk4 / F4 

11. 

W3 

Pd4 04 / G4 

12. 

W3 

G4 Jk4 / Pd4 / 04 / Pu4 

13. 

¥3 

Jk4 F4 / G4 / 04 / C4 

14. 

W3 

04 C4 / Pu4 

15. 

W3 

04 Fu4 G4 

16. 

W3 

Jk4 G4 f 4 / Pu4 

17. 

m 

F4 Fu4 

18, 

m 

Pd4 Mt4 G4 / 04 

19. 

m 

Pd4 Mt4 G4 04 

20. 

m 

Mt4 F4 04 Ba4 

21. 

m 

Mt4 F4 Jk4 / Pd4 

22 0 

m 

Jk4 04 F4 / G4 
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Appendix li,6 
Statemont 


23. 

W4 , 

Jk4 

04 F4 Mt4 M4 Pu4 

24. 

W4 

G4 

F4 Pu 4 Jk4 / C4 

25. 

V/4 

G4 

Pu4 04 

26. 

Jk3 

C3 


27. 

Jk3 

C4 

pu4 / F4/Ga*5 / V/5 

. 

CO 

CM 

Jk3 

m 

F4 / G4 / PU4 

29. 

Jk3 

Gn4 T4 

30. 

Jk3 

C4 

B4 Pu4 / m 

31. 

Jk3 

W4 

F4 C4 / G4 

32. 

Jk3 

F4 

C4 M4 / W4 

33. 

Jk3 

F4 

Gn4 M5 

34. 

Jk3 

Pu4 F4 Gn4 / W4 

35. 

Jk4 

F4 

W4 G4 / C4 

36. 

Jk4 

F4 

VJ4 G4 Pu4 


Jk4 

Mt4 VJ4 04 G4 

33. 

Jk4 

Mt4 W4 Pn4 G<4 / 74 

39. 

Jk4 

M4 

Pu4 C4 Gn4 / W4 

40. 

Jk4 

C4 

Gn4 Pu4 / W4 

41. 

C3 Jk4 

Pu4 

42. 

C4 Jk4 

Pd4 Mt4 

43. 

C4 Pu4 

Mt4 Gn4 F4 

44. 

C4 Gn4 

W4 G4 Pu4 / F4 


(contd) 

III (contd) 



Appendix 14,6 (contd) 
&tc.tonicnt III (contd) 




45. 

G4 

W4 04 B4 / Jk4 

46, 

G4 

m 04 Ba4 

47. 

G4 

Vi4 Pu4 Jk4 

• 

CO 

PU3 Jk4 B5 c5 

49. 

PU4 W4 G4 Jk4 

50, 

Mt3 Pd4 04 / Ba4 

51. 

Mt3 W4 G4 Jk4 


Mt4 Pu4 Jk4 M4 / B4 

53, 

M3 

Jk4 Pd4 Mt4 / C4 

54. 

M4 

Jk4 C4 F4 Mtd 

55, 

B3 

04 W4 / G4 

56, 

F4 

Jk4 04 

5, ^ 


Vv':- ii4 Jk4 Gnd 
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Appendix 14.6 
Statement III 


Maharashtra 


1. Pdi 

2. Pd2 R4 

3 . Pd2 R4 Mt4 

4. Pd2 Jr4 

5. Pd2 Pu4 

6. Pd2 Er4 R4 

7 Pd3 R4 Mt4 

8. Pd3 Fr4 L4 

9. Pd3 Gn4 Jk4 S4 

10. Pd3 R4 Jr4 Mt4 

11. Pd3 R4 Mt4 S4 

12. Pd3 R4 04 W4 

13. Pd3 Jr4 pu4 

14. Pd4 Gn4 Jk4 Jr4 R4 

15. B1 

16^ pg Pu4 
17^ B2 Pu4 (Jr4) 

13, B3 W4 
19. B3 Jr3 
20* B3 Jr4 Pd5 Gn5 
21, 33 Pu4 Gn4 R5 

29. r. B3 Pu4 04 Jr4 W5 
23 ,. B3 Jr4 Pu4 04 05 

24. B3.Jr4 Pu4 

25, B3 Gn4 Pu4 04 


(contd) 

(contd) 



Appendix 14. 

St-itement . 


26. 

B3 

R4 : 

Pd4 

Pu5 

27. 

B3 

Jk3 

Gn4 


28. 

B4 ■ 

W4 R4 Pd4 Pu4 

\ 

29., 

B4 

Jr4 

Gn4 

Jk4 

30. 

Jrl 




31. 

Jr 2 

B4 



32. 

Jr2 

T4 

Gn4 


33. 

Jr2 

Pu4 05 


34. 

Jr3 

B4 

Pu4 

04 

35. 

Jr 3 

B4 

05 V75 

36. 

Jr 3 

B4 

S4 


37. 

Jr 3 

B3 



38. 

Jr3 

Pd4 R4 

Gn4 (R5) 

39. 

Jr 3 

Gn4 B4 

Pu4 Pd4 

40. 

Jr3 

B3 

Pd4 


41. 

Jr3 

B4 

Pu4 

04 

42. 

Jr3 

C4 

Pu4 

04/ B4 

43. 

Jr3' 

^ Pd4 


44. 

Jr4 

W4 

04 Pd4 05 (Jk4) 

45. 

Jr4 

Pu4 Gn4 W4 . 

46. 

Jr4 

B4 

Pu4 

04 W4 

47. 

Jr4 

Gn4 

: >Pu4 04 T4 

48. 

Jk3 

G4 

Pu4 


49. 

Jk3 

C3 

PU4 


50. 

Jk3 

C4 

T5 



(contd) 

III (contdO 
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App endix- .Isi-. 6 ( coirtd) 
Statement III (contd) 


51. 

Jk3 

04 Gn4 Pu4 


52. 

Jk3 

Gn4 pu4 S4 


5a.: 

Jk3 

Mt4 Pd4 


54 ;. 

Jk4 

04 Pu4 Jr4 

04 

55 . 

Jk4 

04 PU4 Jr4 

05 Gn5 

55 .. 

Jk4 

Pu4 Gn4 04 

V15 

57 . 

Jk4 

Gn4 Pu4 04 

T4 

58. 

Jk4 

pu4 B4 Gn4 

04 W5 

53. 

Jk4 

Pd4 04 Mt4 


60. 

Mt3 

Pu4 04 Jr4 

Gn4 

61. 

R3 Mt4 04 Pu4 Pd4 

62. 

W3 R4 P\Ji4 05 G5 

Fr5 

63. 

02 Jk4 


64^ 

C3 Jk3 


05« 

C3 Pu4 Jk4 


66. 

C3 PU4 Jk4 Gn5 


67i. 

04 Jr4 Pu4 Jk4 


68*. 

04 Pu4 Jk4 B4 


69L4^ 

04 Pu4 Jr4 B4 


7CU 

Gn4 

Pd4 Jk4 Mt4 


71.: 

Gn4 

Jk4 Jr4 


72W 

ru4 

Jk4 C'r B4 




Orissa 


Appendix l-i,6 (coatd) 

St<v.to:'ijaiit III (contd) 

Pdl 

2. Pfl2 Pu4/ R4/G4/C4Alt4/Pu4 05/04 Pu5 

3^ pas Pu3 

4. pas Pu4 Mt4/ R4 

5 PdS 05 Mt5 

6 PdS Mt4 M4 04 

7* pas R4 04 Mt5 

8. Pd4 R4 04 V4 / M4 / Ktd Pu4 / Mt4 Pu5 

9. R4 Pd4 04 Mt4 / T4 





^pendix 14,6 (contd) 
Statement „ III (contd) 


Punjab 

1. W3 Pd4 F4 '/ M4 

2. W3 F4 M4 / C4 / Gn4 / Pd4 

3. W3 F4 G4 B4 / Pd4 

4. W3 F4 M4 C4 

5. W4 M4 G4 F4 / Pd 4 

6. C4 W4 G4 / F4 



Appciiidi:^; 14,6 (contd) 
Stc.tement III (contd) 


Rajasthan 


1. 

B1 


2- 

B2 

Pu4 / F4 / Jlc4 

3<. 

B3 

Pu3 / F3 

4: 

02 

P’;4 F-i 

5. 

B3 

04 31:4 / F4 / Pu4 

6. 

B3 

G4 W4 / Ba4 

7- 

E3 

Pa-l G4 3a4 / F4 

o 

B3 

G4 VJ4 Cn4 

9« 

B3 

04 Pu5 JTc4 / W4 

lo¬ 

B4 

04 Pu4 Mt4 / F4 

ll. 

B4 

W4 04 / Ba4 / Pu4 / Gn4 

12. 

B4 

3a4 114 Pu4 / G4 / 04 / Gn 4 

13- 

G3 

F4 B4 / W4 / C4 

14, 

G4 

W4 B4 Jk4 / 04 


'' 

w'jr 

'44 B4 3”i<.4 / Ba4 

id 

Ml 


1". 

M2 

W5 

18- 

M2 

Pu4 Gn4 / Ba4 

19. 

M2 

T74 Ba4 / Mt4 / Gn4 

20. 

K3 

Fd4 W4 G4 / Mt4 

21- 

M3 

W4 Ba4 04 / Gn4 / C4 

2 2- 

M3 

W4 04 Mt4 / Pu4 
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Apponcli:!C 14.6 (contd) 
Statement 4 III (contd) 


23. 

M.3 04 Ba5 ( Pu4 / W4 

/ c:4 ) 

24. 

M4 0*k4 B4 Ba4 


25. 

M4 W4 Jk4 Gn4 / C4 


2 6, 

M4 Pd4 G4 Mt4 C4 / W4 

27. 

M4 W4 Ba4 ( F4 /■ Jk;4 

) 05 

28. 

C4 W4 F4 


29. 

W3 JT<4 G4 / 04 


30. 

m F4 G4 C4 / 04 


31. 

W4 Jk4 G4 B4 


32. 

W4 G4 B4 04 


33. 

CTkS W4 G4 / M4 / C4 / 

Pu4 

34. 

Jk3 C4 M4 B4 / W4 


35. 

<Jk3 B4 ( G4 W4 ) / ( 1 

C4 Pu4 

3 6. 

J‘k4 144 G4 M4 


37. 

Jk4 B4 04 Pu4 / M4 


38. 

Pu2 33 


39. 

Pvi3 B3 


40. 

F3 04 M4 


41. 

F4 B4 04 J:<4 


42. 

C4 F4 B4 P\i4 / M4 



S''''^clal M3 Pd4 . Jk4 





Appendix Id, 6 (coatd) 



Stetoment - III (contd) 

• ✓ { 

Tamil 

Nadu 


1. 

Pdl 


2. 

Pd2 Gn4 / R4 


3. 

Pd3 Gn3 


4. 

Pd3 Gn4 Mt4 / 84 / Jlc4 


5. 

Pd3 Gn4 84 L4 


6. 

Pd3 Gn4 Mt4 Jk4 / 34 


7. 

Pd3 JTc4 8-1 Gn4 


8. 

Pd3 Jk4 Gn4 Pu4 / Jr4 


9, 

Pd3 Jl<4 Jr4 Mt4 / 


10. 

Pd 3 Mt4 84 C4 / L4 


11. 

Pd 3 C4 84 


12. 

Pd3 Pu4 Gn5 Os5 / Pr5 


13. 

Pd3 Ta4 L4 


14. 

Pd4 Gn4 Mt4 Jk4 R4 / 84 (Pu4) / (S4) 


15. 

Pd 4 Gn4 Jk4 R4 / C4 


16. 

Pd4 Mt4 Gn4 C4 84 


17. 

Pd4 84 Jr4 Gn4 Mt4 JTc5 


>-• 

CD 

» 

Pd4 Jk4 Pu4 Jr5 r^tS 


19. 

Jk3 C4 Pu4 


20. 

Jk3 C4 Pu4 Gn4 


21. 

JTc3 Pd4 Mt4 84 / Gn4 


22 . 

Pu4 Mt4 Jk4 R4 / Gn4 / Pd5 


23. 

Pu4 Jr4 Pd 4 84 Jk4 


24. 

R3 Pu4 04 


25. 

R4 Jk4 Fu ; Gn4 
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Appendix Id,6 (contd) 

Statcraeat III (contd) 


26. 

B3 C4 Mt4 

27. 

B3 04 JT<4 

28. 

B4 Gn4 Jr4 Pd4 

29. 

B4 Jl<4 Mt4 Gn4 Jr4 

30. 

Gn3 Pd4 S4 Jr4 

31. 

Gn3 JT<4 B4 Pd 4 

32. 

Gn4 Pd 4 Mt4V4 Jlc4 / Jr4 

33. 

C3 B4 Mt4 / F4 / Pd4 

34. 

C4 Mt4 Pd4 P4 Gn4 / B4 

35. 

Pd4 Pu4 Mt4 

Special 


36. 

LI 

37. 

L2 Pd 4 

38, 

L3 Pt3 

39. 

Fr3 L4 Pt4 

•40. 

Jk4 Pd4 Mt4 Gn4 C4/Jr4 

41. 

Jr3 Pu4 iMt4 Pd 4 

42. 

Gn3 v-Tki Mt4 L4 Pd 5 

43. 

C4 Jk4 Pd4 Pu4 Mt4 

44. 

Pd4 B4 Gn4 C4 B4 (Bad) 

45. 

Jk3 Pd 4 Mt4 (B4) 



Appendix (contd) 

Stateraont III (contd) 


Uttar Pradesh 

1. Pd2 

2. Pd 3 M-l- / Pu4 / G-: / / S4 / fit: / G5 

3. Pd3 N4 G4 Pu5 


4. 

Pd 3 

W4 Pu4 G5 / Mt4 / M4 


5. 

Pd 3 

Ba4 Pu4 


6. 

Pd 3 

aa4 Pu4 '-M- / T4 / S4 / M4 / 

5 

G4 

7. 

Pd3 

'44 Ba4 Pu4 / iJk4/M4 


8. 

Pd 4 

V7.i 34/ G4 


9. 

Fd4 

V74 S4 G4 / M4 / Pu5 


10. 

Pd 4 

V74 Ba4 G4 / Pu4 '/ Mt4 / .Tk4 

/ M4' 

11, 

Pd 4 

W4 3a4 B4 G4 / Pu4 / Pu5 


12. 

Pd 4 

M4 Ba4 34 G4 Mt4 


13. 

Pd 4 

'.74 Ba4 Jlc4 / Pu: / G4 / Mtl 


14, 

Pd 4 

» 

W4 Ba4 Jl<4 Pu4 


15. 

Pd 4 

144 Ea4 G4 M4 


16, 

Pd 4 

W4 3a4- B4 Pu5 35 B5 


17. 

Pd 4 

W4 3a4 Fu5 35 35 


18. 

G3 

W3 / '74 


19. 

G3 

U4 B4 / Jk4 / T4 / Pd 4 


20. 

G4 

Pd4 Ba4 B4 


21. 

G4 

t'74 Pd4 Ba4 J]<4 / B.: / M4 / Pu 

4 

22. 

G4 

JV.4 T4 B4 / W4 


23. 

S3 

:74 F4 


24. 

B4 

G4 T-:- 


25. 

B4 

W4 G4 04 



25 
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Appendix 11*6 (contd) 
Stntement III (contd) 


26, 

M3 

Pd 4 W4 

27. 

M4 

Pd i W4 

28. 

Ba4 M4 Pd4 W4 

29. 

Ba4 Pd4 H4 34- Gi 

30. 

Mt3 Pd 4 3a4 / M4 

31. 

W3 

S4 F4 / Pd4 / M4 

32. 

'•J3 

S4 F4 M4 

33. 

^73 

S4 Pd4 G4/ F4 / B4 

34. 

V73 

Jk4 Mt4 

35. 

W3 

G4 Pd4 

36. 

m 

G4 B4 Pu4 / 04 



5 

37. 

W3 

B4- M5 3a5 

38. 


34 M4 Gn4 Pu5 / G5 

39. 

’43 

M4 G5 V4 / B5 

4-0. 

'43 

M4 S4 Pd5 34 / Gn4 

41. 

W3 

Ba4 G4 F5 3.J / On<4 

42. 

W3 

M4 J>:4 04 Pu4 

4-3. 

W4 

Pd 4 S4 F4 / M4 / G4 / G5 / O-l / 

-1 

W4 

Pd4 M4 

45. 

W4 

Pd4 M4 G4 / S4 / B4 

46. 

W4 

Pd4 G4 B4 M4 / 04 / M4 Ba4 / S4 

47, 

W4 

Pd4 G4 Ba4 Jlc4 / M4 / K-i Ba4 

48. 

W4 

Pd 4 G4 Pu5 35 / B5 

49. 

'44 

Pd4 G4 vJkS 35 M5 / 35 



Append!:: 14,6 (contd) If61 

Stc.te:ic.nt III (contd) 


50. 

W4 

Pd 4 

. B4 

G4 

/ M4 



51. 

W4 

Pd 4 

G4 

,'54 

/ r»n4 / S 

6 


52. 

VJ4 

M/ 

i .'jr 

E4 

Pu.4 

Ba4 / Pd4 

/ c 

' A 

53. 

W4 

M4 

B4 

Pu4 

/ Pd4 



54. 

m 

M4 

B4 

Gn5 

G5 / Pd5 



55. 

T .74 

M4 

rd4 

B5 

Pu5 



56. 

W4 

M4 

Fd 1 

Gn^ 

t Ba4 / G4 



57. 

!-74 

M4 

R4 

Mt4 




58. 

W4 

M4 

G4 

Pd 4 




59. 

?J4 

M4 

S4 

Fu5 




60. 

T’J4 

34 

FO. 1 

: G4 

M4 / 04 / 

M4 

Ra 

61 . 

V14 

34 

G4 

FO'l 

/ .?4 / R' 

1 / 

04 

62, 

W4 

S4 

F4 

G4 / M4 / Pu4 



63. 

m 

B4 

G4 

Gn4 

Pu5 M5 



64, 

W4 

Gn^ 

l G4 

. Ba4 M4 / Pd4 
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Appendix li 
Steteuient 


West Bengal 

1, Pdl 

2 o Pd 3 Pu4 ■Ju4 

3. Pd3 Pu4 

4. PdS M4 Te4 


6 Ccontd) 

III (contd) 
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REGION - III (contd.) 

Rainfall Pattern/ State District Talidc Rain- Geogra- GCA District Cropping pattern: 

all-India Zone fall phical (*000 ha) % of 
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Appendix 14,6 


(Paragraph 14,6,96) 
Statenieiit VI - All India Cropping Patterns 


Crop 


Number 

of 

patterns 

Crop 


'Number 
of 

patterns 

Paddy 

(Pd) 

30 

Gram 

(G) 

7 

lower 

Khar if 

(Jk) 

17 

Other 

Pulses 

(Pu) 

7 

Jo\rer 

Rahi 

(Jr) 

13 

Groundnut 

(Gn) 

9 

Ba jra 

(B) 

20 

Other 

oilseeds 

(0) 

1 

Maize 

(M) 

12 

Cotton 

(0) 

16 

Ragi 

(R) 

7 

Fodder 

(F) 

2 

Small 

Miliots 

(I'fc) 

7 

Fruits 

(Fr) 

2 

Wheat 

(W) 

19 

Potato 

(Pt) 

1 

Barley 

(Ba) 

3 

Tobacco 

(To) 

2 


Plantation (L) 


2 



Appendix 14.6 


(Paragraph 14.6,96) 


Statement Vl- all-India Cropping Patterns 


Paddy 

1. pdl 

2. pd2 M4/B4/Mt4/pu4/04/Fr4/Gn4A?4/V4/c4/FVJt4/B4 Jr4/ 

Mt4 pu4/pu4 05/4?4/S.4/Fb4/ju4/L4A’5 pu5 

3. Pd3 I3 /l3 M4/M4 

4. pd3 M3/M4 Jk4/M4 04/F'4 W4 /h 4 V4/iyi4 Pu4/m4 04 pu4/ 

F4 04 Mt4 

5. PiiS pu3/pu4 R4/PU4 Fit4/pu4 G4/pu4 W4/pu4 Ju4/Pu4 Gn4/ 

pu4 S4 G4/PU4 Grj4 Fb4/pu4 04.Fr4/pu4 05 Mt5/pu4 Jk4 Fr4/ 
pu4 Jk 4 R4 

6. Pd3 R4A.40-.4A4 S4/R4 Qri4/R4 vt4/R4 N>t4 W4/R4 pu4/ 

R4 0’4 W4/R4 B4 F4/R4 L4A4 Jk4 

7. pc3 B4 C4/Mt4 C4/Kt4 L4/F4 V4 

8. Pd3 i!b4 - Pu4/0 3/G4A'4/04 M4/i,4 E4 

9. PC3 O-’iS Gn 4/jk 1 !v:t4/Jk4 B4/jk4 S4/Jk4 04/jk4 pu4/ 

Gn4 ((B4//Jk4A4/pu4/R4/F4 R4/Mt4/Fb4) 

10. pd3 Jr3/jr4 K4/Jr4 Jk4/jr4 pu4/jr4 S4 

11. Pd3 Ba4 pu4/pu4 T4A4 S5 ?4 

l?.Pd3 V'73AJ3 G1A4 M1/PU4A'^4 P'Jl4/:i4 Fu4/g 4 Be 1/G4 S4/Mt4/S4/ 
Ba4/Ea4 G4/pu 1 G5/G4/M4 Pa4/S4 Ba4As4A’t4 pu4/ 

VJ4 pu'i/E.a'i pu.l/5/Ba4 pu5 S5/Ba4 Fu5 G5/Be4 Mt4/ 

G4/E.a4 PU1/G4/ W4 04 M4/Sl/G4/Mt4 pu4 

13. pd4 pu4 Jk4 r;4A 4/o'■'VJr4 

14. pd4 pu4 Jr 1 M4/Jk4 

15. pci4 ru4 04 Ht4 R4 / B4 

16. pd4 B4 Jk4 Gn4 R4/C4/Jr5 

17. pd4 C4 Jk4 Gn4/Gni Mt4/Mt4 Ch4 

18. Pd4 Jk4 Gn4/pu.4/04 

19. pd4 7. t4 Gr l Jk4/(Jk4 Jr4)/(E4 C4) 

2 0. pd4 Jk4 Gn4/B4/(jr4 Gnl)/jr4 B4 
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Appendix 14,6 (Cnntd) 

Statement - YlCContd) 

21. pd4 Ba4(B4 W5)/(pu4 M4 Gl) 

22. Pd4 Ba4 W4(G4 Jk4)/(G4 Mt4 B4)/(pu4 B4)/(pu4 S4)/Kt4 Ql 

23. Pd4 Bal W4 Jk4/pu4/pu4 Jk4/pu4 1 

24. pd4 Wi Sr/M4/34 G-/^l4 

25. Fd4 n4 W4 E?i5/Pa4 G4/3a > Tl 

26. pd4 G4 t.ji S4/pu5/jk5/Ba4 pu4/Ba4 Jk4/Ba4. 

27. pd4 R4 (Jk:i pu4)/(jk4 Gn4)/(Fu4 S4)/(pu4 04)/(Mt4 Jk5 0"-)/ 
(L4 pu4)/rul/L4 

28. pel4 jr l To4 Fl/FtVHti Fr4/Ch4 pu4 
2 9. Pdl jrl Di Gr I- T -^ Mti 

30. pd l Gn4 (R4 E4 Fb :-)/(«4 Jk4 pu4) 
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Appendix 14,6 (Contd) 
St?\tGaient VI -(Contd) 


ICh eat 

1 . U2 G4/r4/3t<4 

2. U3 m/'AZ Pd4/Pd3 m/1'14(Pd4/Pd4 Fr4/F4/F4 Gn4/F4 G4/B4/ 

Pu4 B4/Pu4 Pd4/Gn4/Ba4/Pt4/Pu4) 

3. U3 Pd4 m/m FA/m G5/34 85 G5/G4/04/S4 

4. U3 S4 Pd4/Pd4 F4/Pd4 B4/F4/m F4/m B4/Pd4 I'U 

5. U3 B4 n4/Ba4 Pu4/Ba4 m 35 

Ba4 

6 . U3 B4 G4Bii,4/31<4/Ba4 F5 Pu5/Gn4 Ba4/Pu4/F5 05 

7. lu'3 3k4 G4/G4 F4/F4/Q4 C4 

8. Uy 04 Pu4/C4/Pu4 G4 

9. w3 F4 Gn4/G4 D4/G4 C 4 /G 4 Pd4/m/Pd4/Gn4 B/| C4/G4/B4/C4 m 

10. U3 G4 Pd4/Pd4 B4/Pd4 3k4/04/Pd4 04/Pd4 m/3k4/3k4 

B4/3k4 34 / 0k4 04/04 Pu4/Pd4 B4/Pd4 3k4/04/Pd4, 

Q4/Pd4 m/3k4/3k4 B4/ 3k4 S4/3k4 04/0'4 Pu4/3k4 

Ba4 E5/?u4/F4/(Pu4/3k4 iF5 Pu5 ) 

11 . U4 F4 34/G4/C4 

12. U4 Pd4 34/nt4/Mt4 Ea4/f1t4 04/rit4 G4/nt4 F4 3k4/S4 F 4 / 

34 m/34 G4/34 Pu5/35 Gn4/S4 G4 3k5/B4 04 

13. U14 Pd4 34/Pu4 3!<4/Da4 Gn4/0a4 3k4/B4 3k4/3k5 35/m/m 34 

14. IJ4 nt4 Ba4 r14/Pt4/Pt4 Pd4/F4 04/F4 Pd4 

15. U4 m (Pu4 3k4 G4)/(B4 Gn4/5 G4/Pu4)/(F4 G4 Gn4)/rit4/Ba4 Pd4 

16. ’uJ4 114 Pu4 (P4 Pd4)/(34 Ba4)/34/S4 F4/Pd4 Gn5 

17. 134 3k4 04/F4/F4 r'1t4 Pu4 

18. U4 Pd4 m G4/G4 n4/Gn4/Gn4 Ba4/S4/5/S4 Ba5/3k4/3k5 35/' 

04 04 Ca4 Ok5/D04/5/Ba5 5 5 B5 84 04 

U4 G4 f34( 04/5/Pd4 m/Pd4 Pu5Ba4 Pu4 m)/Gn4 BaA/(F 3k4/ 

3k4 Pu^/3k4 T5/3k4)/(Pu4 04)/04 


19. 



Appendix 14.6. (Contd) 

Statement VI (Contd) 

Bajra 

1. B1 

2. B2 Pu4/F4/Bl<4/04/G4/Pu3/ar4 

Pu4/ 

3. B3 Pu3/Pu4 G4/Pu4 F4/Pu4 Iil4/Pu4 C4/Pu4 Gn4/Pu4 Ba4/ 

Pu4 C4'^Q4/Pu4 Ba4 U4/Pu4 PrJ4/Pu4 R4 Pd4/F3 3r4/F3/F4/ 

F4 04 0k4/F4 Q 4 /F 4 0|<4/01<4 04/U4 

4. B3 G3/G3 U 4 /G 4 Pu4/G4 U4/G4 O 4 /G 4 /G 4 F4/G4 Ba4 

5. B3 IJ4 0k4/0l<4 C4/F4 Gn5/F4 05/Gn4 G4/G4/Gn4/Pd4/Pd4 Ta4/ 

Pd4 nt5/Ba4 G4 

6. B3 0k4 Pu4/Gn4/F4/F4 Pu4/F4 U4 /F4 Gn4/04/C4 Gn4/0r4 Gn4/ 
0r4/C4 

7. B3 0r3/0r3 Pd4/0r4 Pd4/0r4 Pd5 

8. B3 To4 nt4/r'lt4 Pd4 

9. B3 Gn3/Gn4/Gn4 3k4/Gn4 F 4 /C 4 Gn4/ C4 f'lt4/Gn4 54/Gn4 O 4 

10. B4 0k4 Gn4 0r4/0r4 Mt4/F4 

11. B4 0k4 04 C4/(F4 U4 U5 05)/(Gn4 ri4 Pu4) 

12. B4 0k4 Pcl4 U4/F4/C4 

13. B4 Gn4 U4 G4/G4 ak4/Ba4 0k4/Ba4 Pu4 

14. B4 0k4 U4 04/Cn4/C4/05 Pu5 

15. B4 Ba4 G4 (U4 Pu5)/(0k4 04) 

16. B4 U4 C4 F4 

17. B4 U4 G4(Gn4/04)/0k4/F4/m na4 

16. B4 Pu4 04 U4/F4/rit4 

19. B4 Pu4 IJ4 (Pd4 R4 )/G4/Ea4/3a4 G 4 /F 4 

20. 04 Pd4 R4 n4/04 



iV;'. Gndix 14,6 (Ccntd) 

StatGrriGnt VI (Contd) 

Jow?.r (Ri^.bi) 

Jrl 

Jr2 B4/Pu4A4/04/Gn4V74 

Jr3/B3/B4/Gn4/Pd 4/Pd 4Gn4Pu4/Pd 4Gn4 JTc4/Fd 4Pu4/?d 4Pu4Kt4/ 
Pd 4/Gn4/Gn4Pd 4Mt4/Gn4Mt4/Gn4M t4 JTc4/C4 JTc4/C4W4 

Jr3B4S4/Pu4/04/C4/04C4/C4Pu4/W4/Gn4T4/Gn4C4/Gn-4 04 

Jr3Pu4 04 /C4/04C4/04t'I4/04R4/Pd4/Pd4Jk4/Gn4/G4aic4/5 

Jr3C3/C3Gn4/C3 04/C4Fd4 

Jr4Pu4Pd4/G4 

Jr4Pu4.Tk.iPd 4/04/Gn4/04W4 
Jr4Gn4Mt4/Pu4Mt4 

Jr4Gn4Pu4(T4JT<4)/(T4 04)/(JTc4Pd4)/(;Jlc4/ died 04) 

Jr4 04T4A4B4/ (C4Pu4)/ (C'.Gn4) / (Pd4Mt4) 

Jr4 04V74Jk4/JT<4Pu4/G4Pu4/C4Pd4/C4Pd 4-Jk S/Pd4Jk4/Pd4Pu4 
Jr4Pd4 (Mt4To4/B4R4) / (JT<434Pu4) 



/.ppendix 14.6 (Contd) 

Statement VI (Contd) 

Groundnut 

Gn1 

Gn2 B4/3k4/C4/U4/F4 3k4/pu4/Pd4/3r4 

Gn3 B3/B4/B4 F4/B4 C4/B4 3I<4/B4 3r4/3k4 
C4/3k4 rit4/3k4 Pd4/ 3k4 To4/3k4 Pu4/3k4 34/3k4 
L4 Plt4/Pd4 B4 Pu4/Pd4 Fb4 

Gn3 Pd4 34/B4/R4/3k4 3r4/3k4 

Gn4 Pu4 F4/B4/R4(B4 34)/R4 (Pd4 3k4) 

Gn4 rit4 (3k4 Pu4)/3k4 3r4/C4 3k4/C/ 3r4/Pu4 
Pcl4/3k4 C4 Pu4 

Gn4 3r4 3k4 (B4/Pd4 nt4)/F4(C4/B4) 

Gn4 3!<4 Pd4 34/Fit4/(r-1t4 Pu4)/l'4t4 3r4/B4 3r4 
Gn4 B4 3k4/C4/3k4 F4/C4 m/m Pd4/C4 Pd4 
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Ap>-endix 14.6 (Contd) 
Statement - Vl(Contd) 


Small millets 

1. ntl 

2 . Mt3 KI3/Pd4 04/Pd4 Ba 4 /Pd '4 M 4 / Pd4 04 Ba4 

3 . Mt3 Ba4/Ba4(m/04 M4) 

4. Mt3 W4 .Pu4/Ba4/04 G4/04 Pd 4 /CH Jk4 

5. nt4 Pu4(3r4 C4)/3k4 B4/3I<4 M4/R4(Gn4/3k4)/Pd4 Gn4 C4 

6 . nt4 B4 Pd4 3k4 Ch4 /Gn4 

7. nt4 Gn4 3k4 
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Appendix 14,6 (Contd) 
Statement VI (Contd) 

Regi 

1. R2 Pc!4/Pu4/Pd4 rit4 

2. R3 Pu4 Pd4/L4/Gn4/Dk4/Pd4 3k4/04 

3. R3 Gn4 Pu4/Pd4/Pu4 Pd4/nt4 

4. R3 04 Pd4 f14/Rt4 Pu4 

5. R4 Mt4 Pu4 (3k4 Pd4)>6l<4 Gn4)/(Pd4 Gn4) 

6. R4 Pd4 nt4/nt4 04 


7. 


R4 Pu4 3k4 L4/L4 Pd4/Gn4/Gn4 Pd4/Ht4/int4 C4 
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Appendix 14,6 

(Contd) 


Statement VI 

Other pulses 

(Centd) 

1. 

Pu2 B3 


2. 

Pu3 B3/F3/31<4 B5 05 


3. 

Pu4 Pd4 G4/ri4/U4/R4 f'1t4 Gn4 


4. 

Pu4 3k4 F4/C4 B4/3k4 Flt4 

(B4/R4/Pd4 Gn4) 

5. 

Pu4 3k4 3r4 C4 Gn5 05 


6. 

Pu4 3r4L04(Gn4 B4^n4 G4)/(T4 B5)/(nt4 B4^/3k4 
( G4/Gn4 T4/G4 Gn4/G4 nt4 Gn4)/(r0t4 

7. 

Pu4 Gn4 B4 U4/U4 C4 nt4/3r4 
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Appendix 14,6 (Conxd) 

Statement VI (Contd) 

Barley 

1. Ba2 Pu4/U4 

2. Ba3 Mt4 / rit4 W4 

♦ 

3. Ba4 IJ4 Pd4 m / B4 Pu4 
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Appendix 14,6 (contd) 
Statement-VI (Contd) 


Fodder 

1, P3 04 M4 / M4 B4 

2, F4 M4 VJ4 Jk4 Gn4 

Oilseeds other than groundnut 
1, 04 Pu4 W4 P4/Ba4 F4 

Fruits 

1. Fr3 L4 Pd4 

2. Fr4 VI4 M4 

Tobacco 

1. To 3 B4 Pd4 

2, To4 Mt4 Jr4 P4/Pd4 B4 

Potato 

1. Pt3 M4 W4 

Oram 

1. G3 W3/VJ4/VM JT<4/Jk4 T4/JT<4 04/Jk4 Ba4/B4 
C4/B4 Crk4/B4 04/F4/Pd4/Pu4 

2. G3 (B4 Pu4)/(B4 F4) (C4 F4) 

3. G4 W4 B4 JTr4/Jk4 04/JTc4 Pu4/Jk4 Ba4/C4/01 

4. G4 W4 04 Pu4/B4/T4/JTc4 

5. G4 m Pu4 Pd4/Ba4/M4/Jk4/Pd4 (Ba4/M4) 

6. G4 W4 Ba4 Pd4/B4/Pd4 B4/Jl:4 Pd4/Jk4 B4 

7. G4 Pd4 Ba4 B4 / B4 T4 



Appendix 14,6 (Contd) 

Statement VI (Contd) 

Jo war (Kharif) 

1 . Jk3 Pd4 

2 . Jk3 B4 Gn a/t)4 pu4 

3. Jk3 F4 Pu4/C4/pu4 B4/pu4 W4/pu4 M4/pu4 Gn4/Gn4 C5 M5 

4. Jk3 C3/C4 G4/C4 F4 M4/C4 G4 Gn4/C4 F4 W4/C4 pd4/c4 F4/ 

C4 pd4 Gn4/C4 m 4/C4 W4/pu4/C4 PU)4'/C4^T4/C4 Gn4 pu4/ 

C4 pu4 B4/C4 04/C4 Gn4/c4 Mt4 Jr5 

5. Jk3 W4 G4/pu4/04 G4/C4/F4/C4 F4 /m4/g 4 B4/B4/Ba4/Ba4 G4 

6- Jk3 Qa4/S4/B4 S4/C4/04/jr4 Pd4/jr4 Mt4/lR4 pd4/pd4 Pu4 

7. Jk4 Mt4 W4 04/G4/04 G4 /o 4 Pu4/pu4 G4/pu4 T4/Mt4 pd5/S4 To4/T4 
Jk4 Mt4 Gn4/Gn4 B4/Gn4 R4/Gn4 pu4/Gn4 W4 C4/S4 C4/ 

B4/B4 C4/B4 pu4 P.4/pu4 04/04/pd4 Pu4 Gn4/Gn4 C4(pu4/F.4) 

8- Jk4 C4 Pd4/pd4 Gn4/04 pd4/04 pu4/pd4 Mt4/04 Jr4^ 

Jk4 C4 Gn4 W4/pu4 E4/pu4 M4/pu4 B4 ^/I4 
Jk4 C4 pu4 Gn4 B4/M4/ffr4/W4/pd4 Jr4 

9. Jk4 pd4(Gn4 Mt4)/(Jr4 0'4)/(P^4 O‘0/(P^4 04 ]y!t4/pu4 R4 04/ 

R4 Oi 

10. Jk4 pu4 (S 4 C4)/Gn4 B4/(Gn4 T5 Jr5)/Gn4/(R5 Gn5 pd5)/Gn4 B4 

11. Jk4 pu4 04 W4/Gn4 G5/Gn4 Jr4/ffin4.;:^t4 T4/Gn4 B4/B4 

12. Jk4 W4 F4(pu4 Gn4)/(Gn5 pu5)/(G4 T5) 

13. Jk4 W4 M4 Gn4/pu4/G4/G4 C4 

14. Jk4 R4 Gn4 pd4/pu4 

15. Jk4 Jr 4 04 V4 

16. Jk4 pd4 Mt4 Gn4 c4/jr4 


17. Jk4 B4 Gn4 pu4 ]yit4 pd4 
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Statement -VI (Ccntd) 

Maize 

1 . ^ 

2. P12 Pu4/Ba4/Ba4 U4/U5 Mt5/U5 Q5/Pd4/U4 

3. [^3 LJ3/U4 G4 

ri3 LJ4 Ba4/Ba4 04/Gn4 □4/1';n4 Bk4/Pd4/Pu4/G4 Pd4/G4/ 

Pu4 04/Pu4 F4/C4 rH4/C4 04/3!<4 C4/rit4/rit4 B4 

4. n3 Ba4 Bkji ( B 4/C4/Gn4 B4) 

C4 (pu47QVU4^ 05 ) ' 

5. ri3 Pu4 Gn4/C4/C4 04/04 

6 . m Pd4 01<4/Gn4/G4/G4 Gn4/G4 0k4 C4/0k4 I4t4/Gn4 B4/r^t4 

7. m Pit4 Pd4/U4/G4/Ba4 

8 . ri3 04 04/0k4 04/04 dk4 F4 

9. i''14 Pd4 Pu4/0k4 Q4/0k4 F4/C4 Gn4 04/0k4 R4 

10. m Pd4 nt4 G4/U4/Gn4/84 C4/B4 Gn4/C4 G4 

11. m 0k4 (Pu4 Pd4)/(C4 F4 !'1t4) 

12. n4 U4 (3k4 Ba4)/(3k4 Ba4 F4)/3k4 G4/3k4 04/3k4 Gn4/G4 F4 
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Appendix 14,6 (Contd) 

Statement ~ Vl(Contd) 

Cotton 

Cl 

C2 Jl:4/3//rr'4/pd4 ?d4 

C3 3k3/3k4/B4/ak4 E4/3k4 U4/3k4 Pd4/3k4 Pd4 
Gn4/ak4 3r4/ D4 f1t4/B4 F4/Jr4 

C3 Gn4 Di<4/U4/3r4('uJ4/3k4) 

C3 Pu4 31<4/E4/3r4/Gn4/Fr4 

C3 Pd4 B4/B4 nt4/nt4/F4 

C3 3r3/3r4/C3 3r4 Pd4/3k4/nt4/To4/Pd4 

To 4/B4/B4 Pd4 n4/pd4' Gn4 

C4 Gn4 n4 E4/5 

C4 Gn4 Mt4 3k4/Pu4 3k4 

C4 Pd4 Mt4 Pu4/3k4 3r4/Pu4 B4/Gn4 3k4/Pu4 3k4 
C4 Pd4 Pu4 31<4/(34) ' 

C4 Pd4 Gn4(nt4 M4)/(3k4 Fr4)/(3r4 lE./3‘k4) 

C4 Pu4 Gn4 F4 nt4/U4 G4 

C4 Pu4 (Jtei B4)/(jk4 Gn4)/(Gn4 B4)/(Gn4 3r4)/B4 
3r4/3r4 a4/3k<’ W 

C4 3r4 3k4 P4/!"it4/•u4/Gn4/Gn4 Pu4/Gn4 rU4/Pd4 nt4/ 
Pu4 B4 Fit4/34 f'1t4/.'’'t4 04 

C4 U4 F4/G4/3k4 Gn4/3k4 Gn4 E4 


Plantation 
L2 Pd4 


L3 Pd3/Ta4 Pd4/Ta4 



«.pponc.l:i 14,6 


(Parr’-TT^iph 14,6,97) 


Stat onont 
and Gross 

VII - 
Cropp 

Nuiiibor of Dis 
od Area - 3?:a 

it.ricts, CrGor:r 
t o\/:tsc 

aphical 


Stato/ No, 

of 

Goorrnphicai 

. A VO rape n:ros 

s Period usod 

Union Torritor;'’' districts area (ha) 

cropped area 
(he,) 

for comnut inr>: 
a V era a G ,7 r o s s 
cropped area 

1, Jaramu & Itashrair 

10 

22 , 223,600* 

832,017 

1965^66 

67-68 

to 

2, IIl^Liachai PracQsh 

10 

5,567,300 

882, 922 

1966^97 

68-69 

to 

3, Punjab 

11 

5,036,200 

5,488,066 

1968-69 

70-71 

to 

< . Chandij-arh 

1 

11,400 

H • 

0m . 


5, Haryana 

7 

4,422,200 

4,714,864 

1967-68 

69-70 

to 

6 * Delhi 

1 

143,500 

109,057 

1968-69 

70-71 

to 

7, Rajasthan 

26 

34, 221,400 

15,059,994 

1967-68 

69-70 

to 

8 , Uttar Pradesh 

54 

29,411,300 

25,888,152 

1968-69 

70-71 

to 

9, Hadhyn Pradosh 

43 

44,284,100 

20,352,861 

1968169 

70-71 

to 

10 .Bihar 

17 

17,387,600 

10,952,399 

1967-68 

69-70 

to 

11 .Orissa 

13 

15,584,200 

7,445,928 

1963169 

70-71 

to 

12 * 0 st 3 ons al 

16 

8,785,300 

7,002,742 

1968169 

70-71 

to 

13 .Iran'" caal Pradosh 5 

8,357,800 

54,719 

1968169 

70-71 

to 

14*i',ssam 9 
alsya 
hlzorara 

12 

12,209,900 

2,958,961 

I9S7-6S 

69-70 

to 

15 , 11 .; '" 'i land 

3 

1,652,700 

IT.h . ' 

- 


16 .Ihaipur 

5 

2,235,600 

173,500' 

1968-69 

70-71 

to 

17 ,Tripura 

3 

1,047,700 

331,800 

1968-69 

70-71 

to 

18.C-uj arat 

19 

19,598,400 10,267,224 

1366-67 

68-69 

to 
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(contd) 
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Statement VII 

(contd.) 



St?.tG 

no ,0 f goo graphical 

districts aror.(ha) 

average gross 
croppecl area. 

(ha) 

period used for 
coTpnrt in g ro s s 

cropped area 

19, ifchr.rGshtr?. 26 

20. Dr.^ra 5: Nngar 1 

flaveli 

30,776,200 

49,100 

I9,3a3,l04 

17,056 

l967-:-68 

69-70 

19686(^9 

1970-71 

to 

to 

2l, Karnata’ffi 

19 

19,177,300 

10,588,740 

1967-58 

69-70 

to 

22, C‘oa,Daraan & Diu 3 

3451,300 

139,177 

1968-69 

70-71 

to 

23. ^.iidhra Prad 

osh 21 

27,675,400 

13,212,506 

1968-69 

70-71 

to 

24, Kerala 

lo 

3 , G56 j400 

2,921,222 

196B-69 

70-71 

to 

25. ^dainan d II 
Islands 

i CO bar 

1 

829,300 

11,326 

1968-69 

70—71 

to 

26. Tamil Nadu 

Id 

13,006,900 

7,128,280 

1967-68 

69-70 

to 

27. Lakshad'v. ;p 

1 

3,200 

2,771 

1968169 

70-71 

to 

28, PondichGr:?y 

4 

48,000 

49,995 

1968-69 

70-71 

to 

. dll In''ia 

356 

32£^'Cr 0^300 ' 

16 5.2 IP 3813 

V 

- 



* Includes an aragi of 0,411.200 ha under 
illegal occupata.on of Pa istan ana C-ina. 





Appondix 14 *^ 


Statcnont vm ! District Rainfall Pattorns 

(paragrapla 14 * 97) 

1 • Rairifall Patterns are based on district ncrnals of aonthiy rainfall 
conba,incd in Momoirs of the India Hctocrological Dopartnont, Vol XXXI, Part 3, 
Tho normals of individual stations on lAiich district narrals havo boon ucrkod 
out ore basod on all availablo data during the yeoxs 1901 to 1950, with a 
minimum of fivo yoars. The sano codo which has boon usod in drawing up rainfall 
patterns of taluks as explained under'Mothodology • in Sootion 14»2 above is 
employed for drawing up district patterns. Briefly stated, monthly rainfall 
is coded in one of fivo calsscs A to E viz. A is for 30 on or more, B 20 to 
30 Gin, G 1 0 to 20 cm, D 5 to 1 0 and B less than 5 cn, Numcrioal subscripts aoro 
affixed to tho letters A to B to denote the number of months in t/hich tho 
rainfall lies os specified by tho concerned letter. For o>ample, A 3 
Implios rainfall of mere tlv.n 30 c.i pm for throo months, Tho entire yoars* 
riainfalL is ^xitton -in coded form in throe continuous parts of four months 
oach, for Fcbiaicry to May, June to Soptonbor and October to January. Tho 
pattern in each four month period is uritton in decreasing ordor and tho pattern 
for Juno to Septombor is ontcrod in brackots, Roforonco to Statement I 
Appendix 14»4 which contains decorlod versions according to calender 3cquonce,of 
rainfvoll patterns of Zones in the different States, would facilitate writing 
the nontJ'Lly sequence in tho ca.se cf distrr.ct pr?.ttcrns also, 

2, Gocgraphical area: This has b'j„n taken from the Census, of India. 1 971 » 

3, Gross crojrccd .area is the a.vei’agc of throe years, ger^cally 1'16S-69 to 

1 970-71 r'-iid t’lo periods are iixUcr.ted in tho introducter^" S'-irtemcnt VII for 
tho difforout States anxl Terr it cries. 
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Appendix 14o6 
Statement VIII 
Janrnu and Kashmir 




serial 

number 

district 

\ 

geographical 
arf'a (hectares) 

average gross rainfall 
cropped area pattern 

(hectares) 

1 * 

Kathua 

265^00 

86,081 D2 E2 Cl i 

2. 

Punch 

165,300 

( 86,601j C2D2(B2C2) C1D1S2 
( ) 

3? 

Rajauri 

268,100 

4, 

Jammu 

316,500 

L29,70l D2.^(E2C1DI'D1E- 

5, 

Ladakh 

9jo37 ^00 

17,355 1. A2B1C:,(D4)K>CI.' 
2*. CJ:'X^)0WLIP- 
3, H4 ,(E4) E4 

6. 

Baramula 

745,800 

131,883 C3D1(D3 El)CXDlE2 

7, 

Srinagar 

301,300 

82,867 D4 (02 S?.) DIES 

8. 

Anantiiag 

.538,200 

148,252 D4(D2E2)D2E2 

9v 

Hodp 

1 ,169,100 

64,880 “ 

10, 

Udlaampur 

454,900 

84,334 


State total 

22,223,600 * 

832,017 


Tk 


Includes an area of 
illegal occupation 


8, 411/2 00 ha under 
of Pakistan and China, 
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Appendix 14,6 (Centd,) 

Statement VIII (Contd.) 

Himachal Rradosh 

serial di.jt..'i,:t goog- -hlcal average gross rainfall pcttern 

n’iaber area-*^ectareT) cropped area 





1 .' 

Kar^ra 

839,700 

2 , 

Sirraur 

232,500 


Mandi 

411,800 

.s 

Simla 

1413600 

5. 

Chamba 

819,500 

6. 

P^hasu 

565,200 

7, 

Bilaspur 

116,700 

8. 

llilu 

543,5Q( 

9., 

Klnnaux 

.655,306 

10, 

Lahaul 8. 

Splti 

13201,500 


State total 

5,567,300 


(hectcres)_____ 

332,049 

E2H2 ( AZTICI) DIHS 

70,4^9 

D1E3 (A2B1C1)CIE2 a 

137,067 

D3E1 (A2G2) D3 El 

•15,073 

D3 El it:;iC2) ,01 E3 

61,211 

C1D3 CECiOi) GSDim 

122,101 

D3E1 (iSClDi) C1D1H2 

50,672 

D1E3 (C2D2) Lti E2 

50,476 

0232 (C2D2) C1D1E2 

11,215 

D4 (D3H1) ClBl E2 

2,574 

- 

382,922 

M 
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Aopandix 14,6 Ccntd. 
Statement VIII Ccntd, 


Punj ab 


*^c»*«-*#** 

,, M ^ ««• ftW 0 


soi'Ial 

ntrbgr 

district 

geographic?! 
area (hoctaros 

average gross rai.cfaii 

) ca'pp-:od a'e^a pattern 

(h-2v‘'■’Vas^ 

1? 

Hc'shiarpvir 

.330,300 

333,233 

E4(22Ci;:i)H4 


Gurnaapur 

356,000 

35-':-5a36 

a •' ‘i T4 

] x\- r 

3. 

Kopai' 

200,500 

102,630 

B.;CD1CIS1)34 


bad hiana 

305,700 

-SO ,233 

E-i (3aoi)£.; 

5. 

Hit lain 

•’,30,300 

511 ,52-7 

n-t (C35l)5t 

6. 

Jull’jndur 

.509,900 

305,305 

E\ (025131)34 

7, 

Ferozpir 

1,014,500 

1,045,067 1. 

E4(C2D,iri):>; 
£.-( 10.72 )£.; 

3, 

Amritaa:-' 

500,000 

575,55-4 

54{C2DlHi)Si 


Kfiourthala 

163,500 

154,601' 

E4(C201Si).l.i 

1 A 

J-v/f 

S'latiuch 

702,200 

SZ9n297 

E4(C2D1H:)E4 

11, 

Sangru*,' 

510,700 

635,731 

5.i(C2Dj.E:.)s:. 


Gtato tctai 

5,036,200 

5-,-:CC,C66 




Ghan dig aria 



1. 

Chandigaxh 

U ,.X)0 
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Appendix 14.6 (Contd.) 

Statement VIII (Contdo ) 
Haryana 


serial district geographical average rainfall 

number area (hectares) gross pattern 

cropped 

area 

(hectares) 


lo 

Ambala 

383,300 

324,761 

E 4 

(K2C1E1) E4 

2. 

Mahendragarh 

345/900 

405,553 

eA 

(C3D1/C2D1E1) E. 

3. 

Karnal 

806,800 

864,32 6 

E 4 

(C3E1) E4 

4. 

Gurgaon 

614,600 

633,587 

E 4 

(C3E1) H4 

5. 

Rohtak 

604,300 

679,035 

E 4 

(C2D1E1) E4 

6. 

Hissar 

1,398,200 

1/468, 197 

E 4 

(C2D1E1/D3E1) I 

7. 

Jind 

269,100 

339/405 

E 4 

(C2D1E1) E4 


State total 

4,422/200 

4,714/ 864 





Delhi 




*1. Q 

Eelhi 

148/500 

109/057 

E4 

(C3D1) E4 



Statencnt VIII (Contd) 
Rajasthan 




sorial 

rrxiber 


district 


oooqr.aphical 
area (hectares) 


averaga rainfall 

gross pattern 

croppeci area 
(hectares) 



Jhalawar 

621,600 

326,085 


S4 (A2C2) E:. 

2, 

Bansv.'ara 

503,700 

245,079 


E4 v(A^El:::)2 5::: 

3, 

I^ta 

1- ^^13 J /OO 

624,060 


H4 (AlDlGlDl) ■ 

4. 

Sirohi . 

513 ,,500 

179,643 

1) 

E: (AIB1B2) E4 





2) 

E4 (C2DlHi) e; 

5. 

^•ar a*.ni.r' 

809,300 

634,529 


E4 (B2C1D1) E4 

6. 

Bundi 

.555,000 

23L,o4 


H4 (B2G1D1) 24 

7. 

Chitt a<Jrg<?rhi ^05,000 

398,736 


E4 (B2C1D1) E4 

e* 

r LTigcxour 

.OTTjOOO 

147,406 


E4 (I2C1D1) E4 

9. 

3^W3i Madhopur i,059,3X 

552,501 


E4 (32DC) B4 

10. 

Tonk 

720,000 

469,154 


E4 (E2D2) E4 

li» 

Bhilv/ara 

1^45,000 

367,100 


E.; (B2m) E4 






E4 (yUcrDl)^ 

12, 

Udaipur 

1,726,700 

416, >*d4 



13, 

AiwsiX 

83C,200 

615,299 


Et (C3.01) S4 

14. 

Ajmer 

, 3^17 ,900 

422,790 


E<; (C?2l2) H4 

15. 

Jaipur 

lyT^jOOO 

836,773 


E4 (C2D1E1) E4 

16. 

Jalore 

1,064,000 

X'8,982 


E4 (C2D1E1) 34 

17, 

Jhunjhui’.un 

592,900 

.500,491 


H4 (C2D1E1) S4 

10, 

Magaur 

1,771,300 

1,174,6^® 


H4 (C2DIE1) B4 

19, 

Pall 

1,239,100 

572,6X5 


E4 (C2DIE1) H4 

20, 

Silcar 

.773,200 

559,811 


E4 (C2DiEl) El 

21. 

Bc.nnor 

2,333,700 

930,152 


E4 (C1D.TH2) S4 

22. 

Jodhpur 

2,286,000 

1 j057 ^l80 


E4 (C1DIE2) E4 

23. 

Bi ]<ansr 

2,723,100 

503,854 


E4 (Z2B2) F/r 

24i 

Qiuru 

1,682,900 

1,139,901 


E4 (D2H25 m 

23* 

Gangansgar 

2,062,900 

1,3'15,958 


S4 (D2i2) E4 

26. 

Jaisaimer 

3, 840,100 

89,222 


E4 (EeE2) E4 


State total 

34,221 ,-100 

15,059,994 


- 
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Appennix u !,>■ .• »y 

St at ement V 111 ( c on td *; 

Uttar Pradesh 


Gorial 

numbor 

"S. 

district 

geographical average 

area (hectares) gross cropped 
(-) area (hectares) 

rainfall 

pattern 




Id) 

CGE (.CBiCl) E4 
I2E2 (/GC2) E4 

1. 

Dohradun 

303,800 

81,261 U 

2, 

2, 

Eilibhit 

350j400 

282.,520 

E4 C/!231Ci) m 

3.' 

Rampur 

237^00 

271,743 1. 

2. 

3. 

(d) 

m E4 

S4 (AIBICP.) F4 

E4 (B2C1EL) E4- 

4r 

Goraldpur 

631,600 

613,724 

B4 (>2B1C1) D1S3 


Basti 

730,900 

769,131 

B4 (iGBxCl) K!,E; 


Nainital 

679,200 

, (d) 
269,321 

B4 (yS2BlCl) m 

'T* 

Gonda 

733,100 

730 ,778^^^^ 

E4 (A2BIG1) E4 

S» 

Bahraich 

687,100 

600,181 

E4 (A2B1C1) E4 

9*. 

Varanasi 

5G9,100 

465,991 (d) 

E4 (A2B1D1) H4 

10,, 

Bareilly 

412,500 

433,581 

E4 Ca2C2) E4 

11, 

Bijnor 

485 pDO 

415,941 

E4 (A2C2) H4 

12, 

f^rzapur 

1,130,100 

^,743 (d) 

E4 (A2G2) E4 

13, 

Garhwal 

544,000 


D3E1 (A2G2) D1H3 

14, 

Ghaz5.pur 

338,100 

336,723 (d) 

E4 (AIBIC2) 54 

15. 

Sultanpur 

''■’42,400 

403,88 6 

E4 (AlBLClDl) E4 

16, 

Deoria 

540,000 

650,400 

E4 CB3C1)D1E3 

17. 

Moradabad 

594,600 

617,902 

B4 (BSC2) E4 

18, 

Slrahjahanpur 

458,100 

415,933 

E4 (B?.C2) B4 

19. 

Baliia 

318,300 

309,439 (d) 

E4 (1202) E4 

20. 

Az ang arh 

574,400 

548,333 

E4 (E2G2) E4 

21, 

Kieri 

769,100 

559,876 

E4 (B2C2) E4 

22, 

laiizabad 

-142,700 

44,194 

B4 CB2C25 m 

23, 

S&haranpur 

562,600 

532,708 

E4 (B2C1D1) Ei 

24.‘ 

Muzaffamagar 

424,500 

463,202 

m (D2C1D1) St 







Appendix 14,6{contd,) 
Statement VIII (contd.) 

- . * - - Uttar Pradesh (Continued) - 


seidal 

district geographical 

average 

rainfall 

number 


area (hectares) gross cropped pattern 

area (hectares) 

/ ... - - 




25« 

feinpuri 

425,400 

389,069 

E4 CB2C1D1) B4 

26i 

aah 

441,900 

437,955 

E4 (B2C1D1) E4 

27i 

Badaun 

515,800 

493,569 

B4 (^ClDl) B4 
B4 (MblDi) E4 

28i 

y 

Jh:^l<habad 

434,900 

381,155 

29» 

Etawah 

432,700 

385,950 

E4 (B2C ID1) E4 

30i 

Kanpur 

612,100 

524,606 

E4 CB2Cim) E4 

31i 

fatehpur 

4l6i80J) 

358,858 

B4 (B2C1D1) E4 

32* 

Allahabad 

•725,500 

609,286(d) 

B4 (B2CID1) B4 

33i 

Jhansi 

1,006,900 

5U,775(d) 

B4 (B2C1D1) E4 

34. 

i^laun 

454,900 

379*987 

E4 CE2C1D1) E4 

35i 

Hamirpur 

719,200 

524,288 

E4 CE2C1Di) E4 

36i 

Banda 

764j500 

575,970 

B4 (B2C1D1) 

37* 

Jaunpur 

404,000 

382,136 

B4 (ffiClDl) E4 

38* 

Ijjcknow 

252,800 

205,272 

E4 (B2C101) B4 

39* 

Unnao 

458,600 

383,759 

B4 CB2C1D1) E4 

40* 

Rai-Bareilly 

460,300 

374,878 (d) 

E4 (B2C1D1) E4 

41; 

Sitapur 

573 ,%X) 

548,336 

E4 (B2CID1) E4 

42* 

Hardoi 

601,200 

507,^2(d) 

H4 (B2Cipi) E4 

43. 

Pratapgar*- 

273,000 

3l3,322(d) 

m (B2ClDi) E4 

-44. 

Barabanki 

442,200 

•420,911 

E4 (B2C1D1) E4 

45* 

Agra 

•^1,600 

430,7r7(d) 

E4 (BIC2D1) m 

‘16* 

Meerut 

594,400 

^688,282 

E4 (C3Di) E4 

m-. 

Bulandshahr 

489,500 

556,604 (d) 

E4 (C3D1) B4 

48* 

Aligarh 

502,400 

577,922 

S4 CC3Dl) El 

49* 

Mathura 

379,700 

39B,094(d) 

E1-(C3E1) m 

50* 

Almora 

702,300 

- 

mm 

51* 

T(diri-Gaihv/al 

442,100 


mm 

52* 

Uttar Kashi 

801,600 

»* 

- 

5^^ 

Chamoli 

912,500 

wm 

Ml 

54. 

Pi«aoragarh 

721,700 


- 


hilljy i®gion 

- 

7‘14,216 

mm 


mixedcrop 

- • 

3,168^184 

•m 


State total 

29,441V300 

25,888,152 

m* ■■ ■ 


(dX^Based-on average tr/e year I to 196S-^>y " 
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Appendix i4-,6 (ccntd, ) 
Statement VIII (contdy ) 


Mh'Ihya Px*adesh 





• 

! 

• 

1 

• 

1 

• 

1 

• 

1 

• 

1 



^ ori-il 

district 

geographical 

average gro 

S b 

v> -r 

X* U, 

nu.uber 


ai^eaChi- ctares) 

c?’op pod arc- 

.8> 

IpO. '-/Ux* 




(hoctaro!^) 



1 

Bala,that 

924,500 

370,148 

E4 

(A2B2) DZ]3 

o 

"’urpuj a 

2,233,700 

583,937 

E4 

(A2 32) DB3 

3. 

nai,ta:>h 

1,291,000 

533,493 

E4 

(1232) DB3 

4* 

D'org 

1,907,000 

1,353,234 

E4 

(A;^32) DBS 

5. 

Ha i pur 

2,125,100 

1,127,941 

E4 

(A2E2) DBS 

6. 

3astar 

3,006,000 

728,802 

E4 

(A2B2) DBS 

7. 

Shabdol 

1,402,800 

493,561 

E4 

(.A2B1C1) E4 

3, 

Se’.ioro 

901,500 

432,762 


(A2B1C1) E4 

9. 

ffe. i s 0 n 

839 5 500 

386,246 

iliti: 

aCBlCl) E4 

o 

iH 

Hosharxga'bad 

1,001,600 

440,170 

E4 

(A2E1C1) S4 

Hi 

Harsinhapur 

513,800 

277,535 

Ed: 

(A231C1) 34 

12. 


1,325,700 

483,592 

B4 

(A231C1) DBS 

13 i 

Seoni 

075, 2C0 

399,337 

Zt'j: 

(A231C1) DB3 

14* 

Cr’.ria 

1,101,700 

538,851 

P.l 

(A2C2) E4 

15* 

Satna 

749,500 

385,307 

T? .4 

^pI'X 

(A2C2) E4 

le. 

Re'ira 

031,500 

415,062 

■*1' ♦ 
JIj'x 

(A2C2 ) S4 

17. 

9 idr.i 

1,0 0 3,200 

333,759 

E4 

(A2C2) E4- 

10. 

Ra.jtirh 

616,300 

414,501 

E4 

(A2C2) E4 

19. 

Vidisha 

743,300 

495,710 

E4 

(A2C2 ) E4 

20. 

Satar 

1,024,600 

622,841 

E4 

r ' o') 

21. 

Dano;'! 

730,100 

293,013 

F.-' 

Li-c 

(A2C2 ) E4 

90 

Jabalpur 

1,016,100 

537,433 

T? d 

(A2C2) S4 


continued 



Appendix -14,6 fcontd.) 
Statement VIII' (contd.) 


serial 

number 

district 

Ikdhya B? ade sh 

geographical 
aroaChectares) 

(continued) 

average grogs 
cropped area 
(hectares ) 

rainfall 

pattern 

23* 

Chlnd^^rara 

1,182,400 

508,903 

E4 

(A2C2) DIES 

24. 

Bilaspur 

1,990,500 

980,150 

E4 

(A2C2) DIES 

25. 



257,979 

E'l 

( A2C1D1) E4 

26. 

Chattarpur 

369,000 

345,527 

E4 

(A2C1S1) E4 

21 i 

Panna 

712,200 

213,793 

E4 

(A2 E4 

23. 

Indore 

391,000 

270,450 

E4 

(A1B1G2) E4 

29. 

Downs 

701,400 

351,579 

E-i 

(A1B1C2 ) E4 


Shaj apur 

620,100 

370,328 

E4 

(A1B1C2 ) E4 

31i 

Betul ■ 

1,006,100 

423,149 

E4 

(A1B1C2) E4 

32* 

Mandsaur 

972,600 

572,105 

B4 

(B2C2) S4 

33 i 

Ratlam 

485,900 

323,963 

E4 

(B2C2) E4 

34* . 

Ujjain 

608,100 

476,640 

E4 

(E2C2) E4 

35* 

Jheifeaaa 

673.100 

354,411 

E4 

(B2C2 ) E4 

36* 

Dhar 

814,900 

527,102 

E4 

(3202) E4 

37* 

Iforena 

1,158,600 

416,890 

E4 

(B2GIE1)E4 

33* 

Bhlnd 

446,700 

342,043 

E4 

(BBC^lEi )54 

39. 

Gv/alior 

'521,300 

255,600 

Ei 

(B2G1E1) E4 

40* 

Datia 

203,400 

130,410 

E4 

(B2GIE1) E4 

41. 

Shivpurl 

1,028,500 

366,539 

E4 

(B2CIS1) E4 

42* 

ICiar agaon (Ves t 

1,344,100 

652,521 

E4 

(BIG3) E4 

43« 

xGiandwa (bast 

1,070,500 

438,927 

E4 

(B1C3 ) E4 


'ilimar) 



- 



'n on-r e o or t ing 

- 

96,547 




areas 



.. 



State total 

44,284,100 2C 

), 352,861 

- 
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A j- -x A e (contd) 
Appendix 144,6 

Statement VIII (contd. ) 


Bihar 







serial 

nunber 

district ^ 

geographical 
area(hectares) 

t \ 

/' 

average gross rainfall 
cropped area pattern 
(hectares) 




"* • * 


!• 

Gaya 

■ 1,2345400 

940,808 

S4 (A2B2/A231C1) S4 

2. 

Cha’aparan 

919,600 

879,177 

DIS3(A232) 033.3 

3. 

Rirnoa 

1,101,300 

910,109 

C3E3(A2B2) DIE3 

A. 

^ s. ^ 

Banthal 

Parganas 

1,412,900 

621,939 

DBS (A2B2) DBS 

5, 

Banclii 

1,333,100 

789,520 

E4 (A232) DE3 

6, 

S inf' hbhum 

1,344,700 

416,960 

DIES CA.2B2) DIES 

7. 

Shahahad 

1,132,000 1,129,029 

E4 (A2B1C1) DIS3/E4 ■ 

S. 

Hazarihagh 

1,806,000 

403,073 

E4 (A2B1C1) DB 3 

9* 

Palanau 

1,267,700 

296,667 

E4 (A231C1) DIES 

10, ■ 

Dhanbad 

299,400 

96,49:^ 

S4-/D E 3 (A2B3E1 )D BS 

11. 

Sahar.sa . 

588,500 

484,171 

DB3(A1B3) DBS 

12-, 

Saran 

695,200 

675,936 

E4 (A1B2G1) DBS 

10. 

Barbhanga 

867,900 

818,732 

DB3(A1B2C1) DBS 

14, 

Monghyr 

932,700 

646,417 

E4 (A1B2C1) DE3 

15. 

Muzaffarpur 

783,800 

805,296 

DB3(B3C1) DBS 

16t 

Patna 

552,800 

643,597 

E4 (B2C2) E4 

17. 

Bhag alpur 

565,600 

389,470 

DBS (B2C2) DBS 


State total 

17,387,600 10, 

952,399 





Appendix- 14,6 (contd,) 
StateTTiGi^t VIII (contd*) 
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Qrlssa 








seri 

al district 

geographical 

average 


rainfall' 

nunib 

or 

areaC’aectares) 

gross cropped 

Pattern 

- 



area(hectares) 








1» 

Balasore 

539,400 

492,233 

ClDiB2(A232) C1F.3 

o 

• 

Bolangir 

090,300 

576,543 

El 

(A2B2 )DI33 

3, 

Cuttack 

1,121,100 

982,982 

D®3 

(A2B2 )C IS3 

1. 

DheuJtanal 

1,002,600 

468,037 

DIES 

(A2B2) DIES 

5. 

Kalahandi 

1,183,500 

533,702 

El 

(A2B2) DIES 

6. 

Keonjhar 

824,000 

309,989 

DIES 

(A2B2) CIES 

7. 

Koraput 

2,702,000 

939,007 

B2S2 

(A2B2) CIB3 

O 

* 

Mayurbhanj 

1,041,200 

152,709 

DEB 

(A232) C1E3 

9.. 

Riulbhani 

1,107,000 

227,973 

DIES 

(A2B2) CE3 


(Baud’! Khondsial 

s) 




10. 

Riri 

1,015,900 

607,164 

DBS 

(A2B2) CID2E 

11. 

Sauibalpur 

1,757,000 

837,700 

E'l 

(A2B2) DIES 

12, 

S under g arh 

967,500 

309,leo 

B4 

CA2B2) DIES 

13. 

Cranjam 

1,252,700 

708,659 

DIES 

( BSCl)ClD1E-2 


Scato total 

15,584,200 7 

,445,928 
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Appendix 14,6 (contd. 
Statement VTII (contd 

West Bengal 

) 

serial 

number 

district 

geographical average rainfall 

areaChectares) gross cropped pattern 

a3?ea(hectcares)' 

1. 

Jalpaiguri 

624,500 

376,875 

A1C1E2(A4) CIE3 

2. 

Darjeeling 

^500 

123,073 

B1C1B2(A4) CIE3 

3* 

Cooch-Behad' 

333,600 

350,346 

A1C1E2(A4) 013,3 

'i. 

24 Parganas 

1,379,600 

778,657 

ClDie2(A232 )Gi::s3 

5, 

liidnapore 

1,372,400 

1,049,698 

C1D1R2(A2B2) GIE3 

6. 

Hoogly 

314,500 

300,617 

C1D1B2(A2B2 }C]S3 

7, 

Hoxnpah 

147,100 

106,456 

C1D1E2(A2B2 )CIB3 

o 
< •> • 

Mai da 

371,300 

387,157 

CIE3 (A2B2)CIS :I 

9. . 

West Dina jpur 

520,600 

607,916 

CIE3 (A2B2)C}J33 

10, 

Calcutta 

10,400 


ClDlj32(A2B2) C1Q3 

11. 

Bankura 

683,100 

413 j 345 

DIES (A2B1C1)DIE3 

12. 

Purulia 

625,900 

302,963 

DIE3 (A2B1C1)DIE3 

13. 

Nadia 

392,600 

522,113 

CIE3 (B3C1)DIE3 

14, 

Murshidabad 

534,100 

657,698 

CIS.3 (B3C1)DIE3 

15. 

Burclwan 

702,800 

567,280 

G3E3 (B3C1)DIE3 

16. 

Birbhun 

455,000 

450,043 

CIS3 (B3C1)DIE3 


State total 

8,785,300 

7,002,742 







AFPENOIX i4..6 (contd.) 
Statement VIII (contd.) 
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Arunachal Ftadesh. 


serial 

nuriber 

* »*"*♦*"• “"a“**^* 

dlstrict 

gGOgraphical 

area(hactare 

/ 

average 

s) gross cropped 
area (he ctare s ) 

rainfall 
partorn 






1. 

Kaaeng 

1,372,400 



2, 

Subansirl 

1,47^,700 



3. 

Slonf; 

2,372,300 



9 

I.ohit 

2,-^Px2,700 



5, 

Tirap 

690,700 




*co 1/ a 1 

2,357,800 

54,719 

0 \ ^ ^ ^ n 

iIjO 





() 


AssatnCincludin,'^ Merhalaya and Mlsoram) 


li 

Cachar 

396,200 

259,645 

A2G.lj3l (A4)CI33 

<n 

t'.; • 

Goalpira 

1,035,900 

456,636 

A1C132 (An )C IS3 

o 

Likhinipur 

1,279,200 

326,439 

A1B1G1D1(A4)C1S3 

.4 

■ •*■* <• 

Garo Hills 

808,400 

94,733 

A1GLU2 (A-l )Cj£3 

O 0 

l-S-iTirtip 

986,300 

531,383 

A1G1E2 (A3Bl)t!lE3 

6 « 

Darr ang 

277,500 

359,289 

31011:2 (A3B 1)0133 

7. 

iTox'/gong 

556,100 

319,179 

C2D1E1(A3B1 )C1E3 

o 

• 

Slbsagar 

898,900 

346,608 

3201111 (A3B1)C1E3 

9. 

10. 

11. 

I'akir Hills 

iiorth Cachar 
T-lllls 

United Ilaasi 
and Jaintia 
Jlills 

1,033,200 5 
489,000 1 

1, Trio, 500 

79,437 

92,346 


12. 

m.zo rails 

2,108,700 

43,411 


State 

total 12,209,900 2, 

958,961 
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Appendix 14,6 ( contd,) 

Statement- VI 11 (contd,) 

serial t - j. 

number d-T-stx-ict 

geographical average rainfall 

-areaChectares ) gross cropped pattern 

areaChootares) 



Nagaland 

1 , 

Kobima 

720,900 

O 

< • 

'fok.okcbung 

385,200 

3 * 

Tuensang 

546,600 


State total 

1,652,700 Not available 1.A1B1C1D1(A4 }C1E3 

2X2D1S1(B3C1XJU23 



Manipur 

1 . 

Manipur North 

341,700 

2 . 

?^anipur Most 

434,400 

3. 

Manipur South 

468,100 

/I 

?1anipur Central 

560,500 

5. 

Manipur East 

‘140,900 


State total 

2,235,600 173,500 B1C1D2(A3B1 )C1BLE2 



Tripura 

1 . 

■•Jest Tripura 

335,900 

2 ,. 

North Tripura 

351,100 

3. 

South Tripura 

357,700 


State total 

1,047,700 331,300 AlClDiJll(A3Bl)ClJ33 







Appendix J.4,6 
Statement VIII 

<aijarat 

(contd, ) 
(contd.) 

633 

SQT 

ial district 

geographical 

average 

rainfall 

numDer 

area(hectares) 

gross cropped pattern 

** e “• 


(a) 

area(hectares) 

(b)_ _ 

1 , 

Bulsa-E-(Valsad) 

52:3, SOO 

• -319,628 

E41(A3B1) E4 

O 

C,I • 

The Dangs 

168,300 

■ d:9,873 

E4 (A3B1) E4 • 

3. 

Slit at 

774,500 

472,416 

S'l (A3BVA2 big 1 )E4 


Bare da (Vadodara 

?.) 778,800 

556,468 

Ei: (A1B1C2) E4 • 

5, 

Broach(Bharuch) 

904,500 

462,085 

Evl (A131C2 ) E4 

6 . 

Panch I'khals 

386,600 

519,845 

El (A1B1C2) El- 

7* 

Kaira (JOioda) 

719,400 

573,452 

El (A131C1D1) El 

0 . 

S abark mtha 

739,000 

496,356 

E4 (AlBlClDl) E4 ■ 

9» . 

Junagadh.. 

1,060,700 

629,182 

E4- (A1G3/31C11]2)E4 

• - 

o 

1—1 

Banaskantha 

1,270,200 

915,043 

E4 (E2D2/C2D1E1)E4 

11 , 

Ahnie dabad 

870,700 

627,873 

E4 (B1C1D2) S4 

12 . 

Gandhinagar 

64,900 

57,141- 

E4 (B1C1D2) S4 

13. 

I'fehesana 

902,700 

772,161 

B4 (31C1D2) S4 

14, 

Amreli 

676,000 

513,035 

E l (D1C3JS2/C1D3)S4 

15. 

Bhavnagar■ 

1,115,500 

630,c857 

E4(B1C]JE2) EI ¬ 

16. 

Jamagar 

1,412,500 

620,447 

SA (B1G1S2) El 

17. 

Rajkot 

1,120,300 

762,117 

S-1 (B1GDJ22) E4 

18, 

S ur e 11 djT anag ar 

1,048,800 

689,410 

E l (BlGins) E4 

19. 

IvTitch 

4,561,200 

599,782 

E l (C1D1E2 ) E4 


State total 

19,593,400 

10,267,224 



. Appendix 14 , 6 -- ( contd,) 

St atamen^t VIXI (contd ,) 
^fo.ha^ashtra 


•-»—o 





Serial 

nunber 

district 

ge ographics-l 
aroa^(hectares) 

average rainfall. 

geos 3 cropped pattern 

area (hectares) 

% 

•'•“•“a—*" 





1. 

Tbam 

955,300 

303,722 

E4 ^^4) DIE3 

2. 

Kolaba 

719,300 

234,920 

E4(^4) cie-3 

3. 

Ratragiri 

1,304,000 

373,503 

E4(A4) C1E3 

4-» 

Ifesik 

1,553,200 

959,379 

1. E4 (A4) CiB3 

2. E4 (04; D3E3 

5 . 

Room 

1,564,000 1 

,090,300 

1 . E4 ( 14 ) C3E 3 

2. E4 (BIC 3 ) DB3 

3. E4 (C3Bl) D3E3 

4. E4 (CID3) 0133 

6« 

1 • 

Satara 

1,049,200 

746,789 

1 . E4 (A4) CE3 

2. E4 (il2B2'! CB3 

3. S4 (01 D:3) DB3 

7* 

KolJ^Bp'ur 

305,900 

411,942 D1E'3 (14/A 331/4 301/ 

A2B101 /A1 C3/CID3 )c 3R 3/DB 3 


G&reater Ba.i,bay 

60,300 

7,061 

E4(A331 ) DB3 

9. 

Blardara 

921,400 

504,705 

E4 (A2B3) E 4 

10 . 

Cliai'Xlrapur 

2,564,100 

709,443 

E4 (12E2) BE 3 

11. 

Wardha 

630,700 

436,233 

E4 (A1B1G2)E4 

12. 

Nagjmr 

992,300 

556,335 

E4 (11B1C2)E4 

13. 

banded 

1,049,200 

752,712 

E4 (E2C2) E4 

H. 

Yeetr-ial 

1,392,500 

309,359 

E4 (E2C2/B1C3) E4 

15. 

Dhulia 

1,314,300 

742,929 

E4 (BIC3) E4 

16, 

Jalgaon 

1,177,100 

352,939 

E4 (B1C3) E4 

17. 

RarblTevrJ. 

1,243,900 

993,560 

E4 (DIC3) E4 

IS. 

Bhir 

1,122,700 

819,662 

E4 (B1G3) D1E3 

19, 

Osmmbad 

1,411,700 1 

,123,746 

E4 (BIC3) D1E3 

20, 

BiilcLhana 

974,500 

714,674 

E4 (b:i..c3)e4 

21. 

Akola 

1,056,700 

304,493 

E4 (B1C3) E4 

22. 

Ainraoti 

1 ,221 ,000 

720,675 

E4 (B1C3)E4 

23, 

Aurangabad 

1,620,000 1 

,403,096 

E4 (04) E4 

24, 

Ahoadnagai’ 

1,703,500 1 

,329,547(. 

E4 (C2D2) I)1S3 

25, 

Sangli 

356,^ 

654,465 

E4 (C2D2) I)1E3 
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Dadra and I'fe.gar Havoli 


Serial district geographical avorago rainfall 

nuabor. are? (hectares) gr.oss crepp od pattern 

' area • (hectares)' 




1. 

Dadra & Kagar 
Kaveli 

49,100 

17,056 

E4 (4331 ) E 4 



Karnatala 



1 . 

Scuth • Kanara 

844,100 

272,669 

C1E3 (44) BlDIRk 

2. 

Shiaoga 

1,054,300 

323,472 

1. B1E3(43B1) C1E3 

2o DIE3 (A5CI C'iE3 

3. D1S3CB1C2D1) C1E3 

4 . die 5 (D4) C 1E3 

3* 

Ifessan 

'682,300 

328,145 

1 . C1D1E2(/031 )C'!D1E2 
2. C1D3(I>4) Cl DTE 2 

kr% 

North Kanara 

1,027,600 

124,84.5 

D1R3(43B1) C1I7;E2 

5 n 

/ 

, 

Chiclamgalxur 

r. 9,900 

231,212 

1 , D1E3(4330o1B;&:^' 

2. D1E3(C4;G1B1E2 

6. 

Dharvar 

1,374'.? 900 

1,139,295 

l.D5HtC-,:(B'iC35 C^E3 

2. D1E3(C2i';2) CIE? 

B4(B1G3) DiE3 

7 , 

Bi.dar 

54-5,100 

413,317 


BsO-gaxta 

1,341 #0.00 

988^279 

rdE3(C4)B1E3 

o 

✓ o 

GnTcerga 

1 i,622-400 

1,257,151 

■E4(C41 inF3 

10. 

B'S-ngalcro 

saijooo 

38O,043 

BiE3C.’£t2)C1D1E2 

1 1 0 

K'Olar 

822,300 

256,032 

D1E3 (G2D2)C1D1E2 

12^ 

Raichitr 

1^400,500 

1 ^046,694- 

E4 (g 2'D2) DIE3 

13'.. 

Tnnkar 

1 .,:'j 60,600 

481,577 

I)lE3(alD3) C1D1E2 

14<> 

Chittad'urga 

1 ,085,200 

a20,043 

die; 3 (cib 3) BIE3 

15» 

Bijapirr 

1,705,600 

1,438,485 

B'4(G1D3) N1E3 

16. 

Bellary 

989,800 

604,882 

D1E3(g1D3)D1E3 

17. 

friand^ra. 

495,800 

274,226 

C1E3(C1E1E2)G1D1512 

ia. 

Mj'sere 

1,1 94,700 

5! 2,024 

ClElE2(E'4)CirlE2 

1 9. 

Coor'g 

410,400 

116,346 

«• 


State total 

1 9,177,300 

1 0,588,749 

' 
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Goa, Daman and Diu 


Scr 5^ 

district 

goograpliical average 

rainfall 

number 


area (hectares) gross cropixsd 

arc-• • 'ctaros) 

pattorh 

1. 

Goa 

370,100 


E4(A4)C1E3 

2. 

Damn 

7,200 


E4(A3B1 ) E4 

3. 

Diu 

Total 

4^000 

381,300 

riradc 

139,177 

!sh 

E-4CB1C1E2) E4 

1. 

Khanmn 

1 , 586 , 60 c 

456,311 

E4(A1B1C2/31C3)D1E3 

2. 

Adilabad 

1 , 613,300 

590,287 

E4 (B2C2) D133 ' 

3. 

IHzambad 

796,900 

339,790 

E4 (B2C2) E4 


East Godavari 

1 , 094,000 

541 ,457 

D1E3(B1C3)C1D1E2/ 

B1E1E2 

5, 

Wost Goda'/ari 

778,000 

538,300 

E 4 ( 31 03) Cl DIE 2 

6. 

Me dak 

968,500 

488,1 54 

E4(b1C3)D1E3 

7. 

Waran^iil 

1,287,500 

575,896 

34(2103' TdTHo 

8. 

Kca'innagar 

1 , 182,400 

50?,762 

E 4 (P 8 C 3 ) 8173 

9. 

2riks.lculi'on 

91'4,300 

567,056 

r.lS'3('C4) Cl HE 2 

10 „ 

Visaklia.]3atnan 

1 , 373,900 

526,97? 0 

273 / 4 ) 011182 


Ki’d-shna 

873,400 

S70/': '. 

E4{c:v) 010-11:2 

12 . 

Kydorabad 

770,700 

372 86 

ea/k) DIEJ- ■ 

l3o 

G’r.itJir 

1,137,700 

9::6,451 

E4 (C331 ) C1D1E2 

14 . 

Kalibocb na^pr 

1^041900 

1,034,509 

E4 (C 3 . 7 I ) 0133 

15. 

ll-ilgciida 

1 ,A 24,200 

826 ,499 

E4 (0301 ) H33 

I6p 

CXiddapah 

1 , 535,600 

470,073 31 

(0212/01-3) Cl D13? 

17. 

Oliittoor 

1,576,300 

507,680 D1 

!E3(G2D2) 02S2 

18. 

Pral<a3am 

1,762,000 

688,790 

B4 (c'lOa/) C2S:2 

19. . 

No liar 0 

1,305,800 

478,400 

E’4 (010311 ) F3".2 

20. 

J.'jrnool 

1.879,900 

1 , 149/342 

34 (O' 73 ) u;E '3 

21. 

Anantapur 

3 ’‘'ato total 

• 2,500 

27 , 675,400 

907,213 

13 , 212 ,5C^ 

D 1 E 3 (c 1 D 3 j D'!E3 
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Kerala. 


Serial 

nuribor 

district 

geographical 
area (hoctoT^ec) 

avRrago gre 
cropped eccet 

(hoct-’i-Gs ) 

ss 

a TX’-ttern 

1. 

Rri'E.kiiian 

327,100 

277}^/^2- 

B1C1E1K1 ( 14 / 1331 ) 
A; Q-10131 

2, 

Kottayan 

655,900 

372,895 

B1D151 (14/^331 ) 
11 El D'EI 

3. 

Canns-noro 

570,600 

359,1 04 

010132 (1331) 

B1C1E2 

/+* 

Kohi kodo 

372,900 

271 , 366 (e) 

P4D1E;2(13B1 ) 

B1C1I12 

5. 

l-ialappiiron 

363 , 50 c 

252 , 557 ( 0 ) 

B1D1E2(1331 ) 

B1C1E2 

6 * 

r^lag:l:iat 

4 i^o,ooo 

331 , 299 ( 0 ) 

C1D1K'2(13B1 ) 

B10132 

7- 

Tricmir 

303,200 

237,575 

B1D13J2 (1331 ) 
E1C“iE2 


iilloppcy 

155,400 

234,752 

E1GIE1B3 ( 1 . 1 B 1 ) 

11 Bi ;Q'IE1 

9o 

Qrilon 

462,300 

346,301 

B'1G1S131 (tOE': ) 

AIE'i EV91 

1 C, 

Tri'^.r4r oo 

219,200 

235,049 

Bid Dili (id 3^02) 
11 Cl L'Z 


State tc-^l 

3,556,400 

p C,p\ PPO 




.tndanan & Kicebaj: 

Is land 


1 c 

■iindrxian & i'.'l roljar 
Ir.laiid3 

529^300 

11,326 

110132 4‘-4') 

B 2 CiE 1 


Xht-ffG , f inurp G:-\rc' 
ICtS-t'/x and ipo'l' 
are not availabi 

l-rt p --1 -er 190 'C -"71 
~"iC for t.iese r 
e. 

as copper.' 

1» f'i '■■■ fl. *. /% rC 

V.. . • .i_ '•■'-J -.-<1 v„ 

trie dr'ra xcr 
riatrlct a 
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Tanil Nadu 


Serial 

nunbcr 

district 

goographioal 
aro^" f" "^ctaros) 

average rainfall 

gross cropped pattern 

are^* (hactaros) 

1 . 

Kanyakur.iari 


113,306 

C2D1E1 (B1C1D2) B2D1E1 

2. 

Chinglepoit 

792,000 

427,481 

E4 (C2D2) AIBICIB'1 
B2C1B1 

3. 

North At cot 

1,226,500 

626,303 

D1S3CC2D2) C2D1E1 

K. 

Salen 

864,300 

455,1 53 

DIE 3 (C2D2) C1D1B2 

5. 

Dhamapuri 

964,300 

451,528 

D1E3CC2D2) C1D1B2 

6. 

South Arcot 

1 ,089,800 

698,453 

01E'3 (C2D1E1 ) B2C1E1 

7. 

T iruchirapalli 

1 , 429,100 

805,163 

D1E'3 (C2D1E1 ) C2D1En 

3. 

Thanjavar 

973,500 

848,778 

D1B3(C1D1E2) A1B1C1D1 
B1C2m 
C3D1 

9. 

Coinbatoro 

1 , 567,300 

811,767 

D2E2(Dar2/D1E'3) C ®2 

10. 

Madurai 

1 , 262,900 

634,574 

D2E2 (0212) C2D1E1 

11. 

Rarianathapuran 

1 , 257,800 

646,361 

YlFi-3CB32) C2D1E1 

12. 

Tirxuiolvoli 

1 , 143,300 

556,830 

D1E3^4) B1C2D1/C2D1E1 

13. 

Nilgiris 

254,900 

52,583 


14. 

Madras 

12,800 


- 


State total 

13 , 006,900 7 , 128,280 




laics hadweep 



1. 

Laksliadwocp 

3,200 

2,771 

C1E3(A1B2C1 ) C2D1B.1 



Pondicherry 



1. 

Pondicherry 

29,000 



2. 

Karaihal 

16,100 



3. 

Mahe 

900 




Yanan 

2,000 




X otal 

48,000 

49,995 

mE3(ClDlS2V^lBlClE1 
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(Paragraph 14.6,113) 


Statemont I « 


Statements I to V 


Pi.ain£all and Cropping Pai 


X OTP. S 


r. 

O .u 
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6.M) 



Appendix 


Statement I, Rainfall and Crooping p-attemb of Crissa -State 

( Paragrach 14,6.11 

The National Comnrission cn Ag.ricu~.ture In thc-rr 
working pa[-'er on .Rainfall and Cropping pattern;.-: of Oris.oo 
have oolineated the State into tvvo.lve rain.rali rones. 

The State was divided i.^ito nine cropping piatter''i3. The 
working paper v.’as discussed by the Stats and 0,U,-A,T, 
official.^ in a meeting whe.re it was decided to collect 
rainfall data from all the recording stations and group 
them in the appropriate rainfall rones and examine the 
efficiency of the existing patterns from tbe point of 
view of Agronomic (soil, topography) and economic 
considerations and to suggest substitution or chango on 
the basis of trials/experiments for different soil 1.,ype5 
under rninfed conditions as well as under various 
intensities of irrigation facilities. 

.In accordance with this discussion the rainfaJ.l 
data in respect of Taluks for whicti such data was not 
lnco.rpo,rated in the wo.rking paoer WQ-re collected. 

Suggc5rU,u^. patterns fer h:lgh,. medium a.,ad lew lands for 
rainfod and irrigated areas were v/orked out on the 
basis of the trio Is/experiments and successful 
do mono trat ions of thy pattern-s and changes which have 
been accepted by the faricera » .As a preliminary exercise 
Iho patterns which v;ill ))e suitabl.e fi'crn /^g.rl.'ncmic. and 
economic point of view In the different ralnf?ll pattern 
xories have oeen v/oik.ed out and given in the following 
statements. The crop patterns have been sucgestec foi 
tour types of iand.s on the basis of their to;ooc.ra.ohy 
vie,- very-highy high, medium and j.ow la)'ds for the 
rainfed areas and fer only thaoo types of }an-:3 via„ 
high, medium and low for irrigated areas, P'artbcr 
division fur Irrigation of var5.ou3 i ntonsities, 
vir-peronnlai irrigation- two soasc-o ir''lgatxon, one 
secson irrigation and sunplorientci v Iri'iaatlon has not 
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changes which have already been accepted by the 

farmers of the area. Such a 'MadY necessarily, 

will take long time. 

The codes and the nuiserical subscripts used in 
the statements are the same as adopted in the working 
paper of the National Commission on Agriculture , 

Some additions have been made to these codes . The 
codes and symbols used in the statement are described 
below; 

1. RAINFALL ZONES: 


Interval symbol Rainfall' interval 

cms/montb . 

greatar. than 30 
20-30 
10-20 
5*»10 

Less than io, if 
pattern form startevLwith 
symbol A or 3 and less 
than 5 if pattern form 
starts with symbol C,D, 
or E, 

The subscripts 1, 2, 3 & 4 used indicate the 
.^mber of months receiving the amount of rainfall 
shown against the interval symbols. The year has 
been divided into three seasons, February to May, 

June to September and October to January^ The 
letters and subscripts in each pattern are given for 
the thtee seasons respectively, with the central 
group for June-September entered in brackets. Example — 

*^1 ^2 ^^2 ^' 2 ^ ^1 ^2 
£ 2 -“February to May 

(□2 E 2 ) to September 

Cj_ Dj E 2 '—October to January. 


A 

B 

C 

D 

E 



II. CROPPirJG PATTERT^S: 


to the 


Crops 

Faddy 
Fodder 
Ragi 
Ba jra 

Srnsll millets 
Jovvar (Kharif) 
Maize 
Gram 
T'JT 

Other pulses 
Cotton 
Groundnut 
Other oilseeds 
Sugarcane 
Barley 
VJheat 
Vegetables 
potato 

Other fibres 
Additional Codes 
r.us tard 
r’Jigor 

The distribution of cro 
syrribols, 

Subscript 

1 . 

2 , 

3. 

4, 

c; 


Symbols 

Pd 

F 

R 

iVt 

..S'K 

IVi 

G 

T 

Iti 

C 

Gn 

0 

S 

B3 

W 

V 

Ft 

Fb 



is shown ty subscripts 


Percentage area 

Greater than 70 

50-70 

50 "^0 

10-30 

Less than 10 


III. Suggested Patterns; 

In the patterns suggested for different classes 
of land under rainfed and irrigation, tho signs used are 

+ mixed cropping as for example T -f-Pd, 

/ Alternate crops suggested as for example JK/M/T which 
means either Jcv/er, Maize or Tur can be grown, 

— One crop following another eg. pd-pu paddy 
followed by pulses. 
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Red and alluvial soils; Terrain level in Jaleswar and Basta and undulating 
in Nayagarh; rainfall jattern D1E3(B4)C1S3; 135 cas/TS days 
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ZONS - VI 

Alluvial soils, terrain coastal plain, Piinfall pattern Di.B3CAl33)C133; 
150 ca./7C days crcprini pattern Pdl/f 
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Red loamy and coastal alluvium undiolating in the inland areas and plain in coastal tract. Rainfall pattern 
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Statencnt II Aoro Climatic Zones and recommended Cropping t-atterns Kerala 
(Selected examples) ‘ ’ ‘ 



>0 


JZ 

r3 

h 



04 

Sw & 

g ffl «a «j 

•r) ,£3 "d 03 Q 

C3 •rt P ^ ;rt 
e-t > (t, Q)P4 


.9 

Jj § J 


(d 

§ s 

§b -H 
g P 4 

b ^ 


n 03 m or 

rf ,D ^ ^ J3 

|§8)88)& 

i 

S3 a S.S 

•S SiSS 


If ^ & 

8:^ 

d 



Appendix' 14,7 (contd) 
Statetrien!: - II fco ntd j 


oo j 


r-u 

-P H 


"r| S 

« a 


K -r^ 

Ph S'—' O 

o 

a ^ 

r- tN2 


CO 

•H 

C -H 

tH -P 

O j 

0) -P 


’Zi O 

a -H 


O 

"§ ft 

•H O 


H H 

.o H 

B 


CO o 

•H H 

» 


Jl -H G 

ci ft o 

r'l ri Ch 

C^ «cj 


R ^ 

a? c! 

^ (t; cd I’d 


o ^ 

• o 

•H cq Q 
O P r-i a 
U P > 3 
•H H ft O 


(ij Pi p CO 

ft c« ft P 'ij 

O C p cC 3 

^ a a a, 


o 

40 40 a 

ri ( J «•; 
-P q «: 

P-, S 05 


ft rp 1. 

a 



-zi 

ft ! Ctf 


cd ft4 
^d'-So-bs 


CO 

■ I q -P 

G) p ft cd CO 

q cic/o o +: 

o1 

-3 

8 P| 

'H ,p 

ft ft 


tJ t» 

P c 


b4 b<d fO 


I I 

•H Oj 

(Tl ^ 


^ t> 


Ti & 

•jri K 






UJ w 






C) 

> --4 


I 


DG'+ 


p 

(3 'O 






G 

X 'O 


P 




s: 

-H 


G 

G 




G s: 


P 

P 



0 

-P .r 


E 

a- 

P; 


p 

G cn^ 


G 

p 




P! R 


'iw' 

Cl. 



H 

‘ ** 

I p 

C/ 

R 

<n 


G 

D>. C7i .p 

G U 

(-J 


vO 


P 

■ ' C G 

p P 1-; 


M. 

If 


E 

■■■ : -.-i G 

fc 0 lO 


(j 



G 

C .'1 > 

-p p £ 

r-i 

.P I 

•H 


G 

': • G J-t 

E 


ro 



G 

G G 

R 4 4 

*D 

■P w- 

p 


p 

^5 X 

^ P C 

p.l 

c 

cc 




'••v 0 


a 

(ii 


• «• 

• 

0 p G 

*• 


p 


JJ 

4- 

-P 

•!'* 

T-’ 

GO 

■rH 

G 

n 

rj G G 

'(V 

O'' 

ro 

P 

G 

0) 

P x; j 

df 

CD 

P 

G 

P 


0 G P 


,c 

G 

0,1 



P P S 


3 ■ 


D 4-; 
C 


?i 


E, 

nj 

n 

m 

1-1 

o 


1., 

0 -P 


\ c> CJ 

a 


-r^ s: 


OJ 

Oi 

DT 

3 

<J^ 


H 

H 

H 

+J 

r, 

CD 


-P 

rj 

-P 

CT 


U 

C 

G "0 
C CD 

C 

-P 

(—I (ij 

w 

M 
G CD 
tJ X) 
•H C 

5 


fH 

0 

t/J 

',.•1 

O 

CJ 

p-l 

f-H 


0 

U Ptj o 

• “ •* r—l 

ch' 12 

G DifD 

'H C -r-( 

-*•' -H E 
O 'O 

-«-•( G cn 
PGP 
rj w -H 
> 4-’ 

-p cn 
•• u G 
G G > 
O M P 


c 

IT] 

iH 


cn p 

P -H 
CU 

a 

o 

>.co 

4j 

G -P ' 
-. i O 
P. G 
0 P 
-r C 
« 

G rH 

U m 
•H I 

ffl CM 


-o 


rH 

P 

iT' 

w 


•H D1 
p p 

o^-p 

10 -P 
CO 

>, G 

iH > 

P P 
G G 

w X 


W !.( 
p G G 
C4 W >H 

•• "G 

-- D^G' 

Sn C 14 

-P -P 2 ; 
fti G “ 
-H CD a' 
PGP 
G (/: .p 
> pj 
-p m 
•• u G 
G G > 
U P P 
•H -H G 
(X Q n: 


G D' PI 
x: p 


S 

p 


•H 

'O 

G 

s 


*& 

0 

rH 


U 


C 

o 

*p 

pj 

G 

R 

C 

U 

G 

G 

PJ 

G 

Oil 

•rW 

P 

p 

•H 

P 

G 

G 


m 


c^i 

CD 

I 

p 

U 


R P 
Q 'P 
p 

•• R 

cn p 
P 

". I •• 
-P Di 
P P 
G -P 


P 

G 


H P 
&, G 
•• CO G 
G p > 
(J G 

-H p 

tx 


G 

P 

G 

rH 


O 

P 


G 


r) c. 


0 G 





R 


rH 0 


P P 





cn 


P 


v.,« 

cn 



p 

R' 


0 ■• 


t>. G 

R 



G 

p 


c c 


iH -r-l 

,.j 



P 



G C, 


R S 

G 



E 

0 


)-4 


E) 

f ) cp • 


p 

G 

■P 


fo P 


0 

G 0 1) 

... 

to 

> 



cn 


0 P 

Ul) G 

'H 

'.3 

0 


M 

■H G 

— 

,.j 

G p 

r—' 

cn 

X 

1—1 

G 

■H > 

fxj 


P r-C E 

CO 

R 


- R 

Pi 

G P 


P +> .-c 

G G G 

y? 


G 

G Pj 

>>^ 

r- 

(0 0 

n* 

00 P 

G G l> 



P 


0 

X 


■• R G 

P -.-1 0 

p 

■ • 

G 

. y -, 



h cn O 
\ C 





P| 

P G 




•• p 

1 

0 

•H *. 

- 

ri 


« 


•rl| 

0 R 



-.J 

cn G 


c 

-R' on 

a. 

•P 


R 


P, 

R cn 

• 

0 


C P 

P tN 

0 

R R 

t 

Oi 


P 

G 

fi.l 

q R 

P 


.0 0 

-r 1 E 

P P 

X 

G -r-i 

V-l 

('J 

t 

G 

iC 

,c 

0 nil 

G 

- 


4-' G 

1 R 


P P 

H 

r-t 

'Cj' 

P 

G 



•9 


(D 

W > 

CM C m 


P. G 

"* 

P 

tM 

-i-j 

p 



?• 

• * 

^'} M 

G 0 


.. 

cn G 

. * 

0 


G 

G 


G P 

(V 

G 

P 'O 

> E. 

G G 

G 

R > 

G 

R 

X, 

[P 



G P 

> 

0 

(0 dj 

P 

Uj P 

C.) 

G W 

0 

G 

>r-i 


G 


•rC (0 

0 

■H 

^ -rH 

G P 

R G 

*H 

P G 

P 

P 

G! . 

Cn 

G 


X w 

X 

X 

H £ 

R of 

Oi P 

CO 

El X 

X 

E< 

R 

R 

P 












OJ 


V 












0. ' 

Co 

G •• 












a. 

R, 

p cn 


H 







P 



rC 

0 

p R 


-H 





1 —1 


■P 




P 

G 0 


p 





P >1 


P 




U 

-H 


a 





t-H P p 


0. 





G P 


rC 





CM Co R 


P >< 




G 

0 "H 







i <- Ho 


,—1 




G 

0 G 


n >, 

.R 



1 —< 

CM 


cn R 




P 

'—1 R 


VD P 

R 


• • 

R 

t>iP 


q iR 


P 


cn 

P 0 


! P 

P> 

0 

cn 

P) 

G p 0 


■p 


■H 


G 


oi 

I 

CM 

I 


H 

P 
Cj 

O 

P PJ 

S' G 
P 

•• R 

cn 
P 

•r i •• 

fD -P tJ» 
G p R 
R ro -P 
P-H -P 
Ci G 
•• G G 
G p > 
U a) p 
•p p a 
oti H K 


O G 
-P P 

ro 


P 
G C'l 

G -rl 

2 P 


P 






rj 

a ra 


“v c’ — 

O > (D 
4-1 O H 


c; 

(V 0) 

ra G t:) 



0 

O G 

+•' 0 



-C 

^ rj 

0 M-i -G 




K-l 

ft. O E 



G 

(1) 

- l-l 

• 


in 

f—1 

c o 



P G 

'U 

0 - X 

P 


oi 0 


E 

•rl 

» 

0, -0 

-H 

O' <D O 

oi J 

ri 

G t: 

E 

'-1 r" o > 

p <v 

r‘ 

G 

- o 

fG G \ O 

•G Oj 


-G 1-, > 

I'O G X 

<G to 

G) 

1 —I 1 —1 o 

tL' G 

E\ G • CJ 

cl: - G ,0 >. 

X 


fT G X 

>. >a 

O G 


M 0' 

K G 

G r--. G Ci) O n-i 

O 0) 

-G 

M 'O 

Gj 

U LO 01 X. G G 

CO CO 

G 


i.i 

O' 

Cl 

Ui 

X 

O' 


C 

1 

E 

P 

^ hi 


■B 

X* 

c 


- 

G 


0 

•■ 


G 


0 

-r-C 

• • 

CC) 

•( i 





ft. 

*• 

G 

G 

O' 

1 

P 


G 

• « 

ft 

■J 


C 

r' 

G 

PJ 

P 


U 

CO 

w 

Ul 

p 


O 

'r-i 

.H 

.T 



0 


•n 


G 

G 


G 


• • 

-.4 

• « 


J-J 


0. 

b 

«• 

ft.4-> 

to 

I-l 

? 


to 


03 

(1) 


to 

CO 

OJ 

(1) 



c 

'"0 

c 

> 

■03 

C 

ft 

to 

•H 

•r-f 


> 

T) 

CD 

G 


fCl 

01 

r-> 

G 



G 

0 

G 

lO 

nj 

G 

ft 

P 

to 

0 


(C 


El 

X 

ft. E 

.4, 

ft- 

> 

cn 


X 


(Nl 

r^ 

OJ 

6 

>, 

■■ 'H 

•• Q, a 
w 

0) I 'Xi 

.,-1 c: 

rj o 

r—I M *• 


il^r 

li I =j 

m 'O 

-H 

tn 2 - 
^ I G 

•H -H Cr-'l 

G 'H 
O G •• 


E-I O 

G\ ?- 

O - I 

rQ 't- 

tr, CD G 

J l'- tD 

> I 

O C E 

k. O O 

tn G 

4-1 Ol G. 

O -H 
(U rJ 

0) t-3 (T. 

I—I CJ 

E 43 •• x: 

f0"O r-t S 

G -G in x 

O E I o 

fG J-l 

GO- C 

QJ 4J 4J 


a- ^ 

• G 

•• -G <[) 
CT, G, W 
C O 
tH to •• 



ft 

rj 

0I 

G 

ft. 

cn 

G 

*• 

pj O'. 


o 

G4 


• * 

0 

o 

G 


O' 


03 


ft 

■H 

f G 

C 

G 

tn 

f V 

ft 


o 

G 

G 

y) 


n 

C 

G 

p 


O. 


•G 

1—1 


•H 

G 

m 


•H 


.—1 

O 

ft 

ci.' 

\ 

o 

ft 

O 

■G 



• • 

4J 

o 

• • 

4-> 

o 

CO 

• • 

G 


4-1 


iQ 


•ft 

s: 

G 


G 

ft! 

C.3 

01 

CO 


CO 

OJ 


r- 

cn 

to 



•* 

E 

4-; 

G 


Pi 

ft' 

CO 

o| 


ft 

ft 



ft 


1 

C 

ft 


G 

ft 

cD 

<J 

tn 

•• 

ft 

rH 

ft 

-H 

ft 

■H 

> 

ft 

-r-l 

> 

GJ 

CD 

-ri 

> 


ft 

to 

G 

•H 

G 

ft 

P 

X) 

> 

4J 

G 


G 

G 


G 

G 

X 

> 

G 


G 

G 

a.G 

ft 

ft 

ft 

E 

G 


! ft 

j..' 

P 

ft 

0 

r:, 

ft 

E 

6 

r: 

rj 

4-1 

ft 

ft 

(u 

ft 

-G 

G 


ft 

T. 


07 

X 

u 

(/: 

X 

E 


0} 

X 

GJ 


D. 

CD 

> 

s 

tX 

El 

E 

X 


Xi O 


• G 

CO 

G 0 

'ij J> s 

,.'4 G G 

E O O 

W X 42 

B> S 

Gi o > • 

GO'-' 
n; IG >, 

H G G 

•• • rj ro 

ft! TC’ -G G CD 

W O (G G J 

G C G-O t 

O rj c/] O li 

•H G r-l x: 
r-4 a E I U 

ro • ui ra G \ 

4-^ G O T—^ 

O', n-J oj 

f-; O G El 

Toco e-i c o cn ' 

'-'!)> 

G' O'G O) 0) o W 

O , G O CD G a ifi 

■H 0 XU ■— G 

4-- ri o; U 

•G G, •• O 

■w •• X •• O G •• 

G o ro o w G 0) 

O u -G O G G o 

G "G S "G G O -H 

X iM (h (X ' 

G n, X 'Cl X o 


p 


ft 

G P 

X 

ft 

ft) 

ft 

rj o 

P 

G 

p 

G 

G 'H £ 

ft 


fi; 

G 

G P 

r-i 

£ 

1—1 

ft 

G 'G -G 





ft 'U ftO 


■H 

X 

■D 

TO P ft 

0 

'O 

cn 

0 

6 O Si 

G 

0) 


O 

G U 


X 

G 

H 





E 

ft 

.a 



/ppcndix 14.7 


Statesnent IV - Suggested' Gripping Patterns 

3;or Me.harashtr.a" E'<s 

(Paragraph 14.6.116) 


7 ,one This zone has 18 taluhas in 6 districts as 

given below : 

The total area exceeds 20/C00 sq. Kilometers. 


r Vjffc 

Taluka 

1. Sangii- > 

1. Miraj 

2 . Tasgaon 
^. Jath 

Islampur 

s. Vita (Khanapur) 

2 . Sat 

5. Vaduj 


7. Pahiwadi 

3 . Pcona 

8, Par erne ti 

9. Thaitan 

10. rhond 

11, indepur 

4. Sholapur 

12 . Karma-la 

5. 7\h-,adnagar 

13. Shrigenda 

6. Sholapur 

14. pandharpur 

15. Sangola 

1 5 . M an g a -1 >' f-d h e 

17. Haifaras 

IF. Mcdna 

The above aroa is 

in the scarcity zone 

II. irnuel Reirfall; 

Rainfall (irnual) of 

between 45 to 65 cins. j. b' 

ut 2/3rd of the zone ; 


reives rainfall 

less than 55 ems. Talukas of Sangli, Islanipur, Tesgacn and 
Miraj have average higher then 60 cm. The, normal distri¬ 
bution : tiio rainfall in pre-monsoor, moneoon and post- 
monscc: .p^.t iod is as under 

pr t-monsoor Monsoon post-monsoon 


Fob . tc M •'/ 
5 crt'tm 


jurir tc \ug.5 to Oct. 5 to 10 empm 
10 empm.. '"ov. to Jan. Less 

Sept. lO to 2than 5 empm 
cmnir;. 
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June t'.,' September receives about 75 per cent of the 
annual rainfall. Monthly rainfall particularly of July to 
August is highly variable cr-mparec! to: September showers. 

III Sells: Ihe zone has light t'^ medium soils on an 

average though seme area has deep soils on 
banks of river flov;ing 

IV Existing cropping pattern; Rabi jox>rar is predominant 
in medium and heavy soils w'hile Eajra is predominant in 
shallow soils. Kharif joiv'ar is grown on large scale in 
Miraj and Tasgaon talukas of Sangli district. From the 
rainfall data it is seen that in July and August the area 
receives fairly gof/d showers. Other crops grown are 
pulses and groundnut, 

V Remarks o£ the Commission ; The rainfall in this 
zone can support only cror s like j ov/ar and bajra but the 
crops cannot be satisfactoxy without irrigatic'n. This is 
because of the highly uncei tain character of the rainfall. 

VI changes suggested in the crop pattern 
Considering the rainfall behaviour^ sr-:ils and 

existing cropping pattern suggestions are offered for 
changing or adjusting the sowing period of the crops grown. 
Such changes suggested are indicated in the fcJlowing table; 


Soil type 


When the onset of mons>..)on is 
early to normal and sowings 
are possible in June 


•*«p' 


by 

weeks and 
soarings 
are in 
latter 
half of 
July _ 


very late 
and sowings 
are delayed 
till 

middle of 
August 


1, Shallow Bajra# HB3/ pulses^ cowpea/ Hy, Bajra/ Hy. 

soils sunflower, til-sesam’um Sunflower Eajra 


2. 


Medium i) Hy, Eajra HB 3 
& Medium ii) Hy, Jowar CSH4 or CEJKS 
deep iii) Groundnut (early varieties) 

soils In rabi season follov/ on 

crop of safflov;er, gram may 
be taken after Ky.bajra cX 
jovrex on the residuary 
moisture available. 
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It may further be addef that evolving early 
varieties of groundnut will help to increase the area under 
groundi^ut in this area . Til crop may also be tried in this 
zone in shallow soils as it requires less water for its 
growing period and it also thrives fettly well in shallov' 
soils. 

in this zone much emphasis is necessary on conservation 
of moisture by adopting various water harvesting measures* 
Similarly, priority for increasing irrigation potential has 
to be given because of the uncertainty/6f the monsoon rains. 
zone Fo.lV; This zone has 34 talukas in 6 districts. 
Particulars are as below:- 

ristrict Taluka 

Csmanabad 1. osmanabad 

2. Tylj apur 

3. Udgir 

4. Ahmedpur 

5. Latur 

6. ,tusa 

7 . Kal1am 

8. Lahora(Cmerga) 

9. Filanga 

10. Bhum 

11. Paranda 

2, Sholapur 12. Akalkot 

13. Sholapur 

14. Mohol 

15. Barsi 

16. Bhir 

17. Kaij 

18. /jnbejogai 

19. Georai 

20. Manjllegaon 

21. Patoda 
22 . Ashti 


3. Ehir 
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4. Aurpngabad 23. /.urangabad 

24. paithan 

25. Gangapur 

26. Khuldabad 

27. Saogaon 

5. Jalgaon 28. Pachora 

29. Parola 

30. /jnalner 

31. CbiJisgaon 

6. Dhulia 32. Sindhkheda 

33. rhulia 

34. Pandurbar 

5’otal area of the zone is about 45^000 sq km 

The ei'eiiration is between 600 to 900 metres above sea 

level. 

II Annual Rainfall ; The rainfall in this area is 60 to 70 
Cm. About 75 per cent of the annual rainfall occurs in 
the months of June to September. 

There is practically no rain before June except very 
■few anti—inoiisoon showers . In Sholapnr and Bhir area the 
month of maximum rainfall is Septeanber while in Jalgaon 
and rhulia July is the month of highest rainfall. The 
main feature in this zone is that all the months i.e. June 
to September gets on an average 10 cm. or more rainfall per 
month. 

The distributior of rainfall is as below; 
pre— monsoon Mons oon Post-monsoon 

Feb.to May ..Less June to Sept... Oct. to Jan.. 

than 5 cmpra. 10 to 2 0 cmpm. Less th^n 5 cmpm. 

Ill Soils; in the entire area/ the soils are mostly 

medium black with patches of deep black soils, in some 
talnka® °f Aurangabad and also Bhir, shallow black 
soils are also present. 
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Existing Cropping patterns ; Cropping patterns in this 
zone are numerous. The most significant is the jowar crop 


which is a pre<^ominant crop of this zone. A fev; talukas have 
Bajra as a dominant crop and Jalgaon and Aurangabad have 
two patterns vjith cotton as a dominant oi'op. in all the 
patterns pulses (except Gram and Tur) are to the extent 
of about 10 per cent. 

V Changes suggested in the cropping pattern ; Lov; 

yield of Kharif jowar in Osmanabaf^/ Bhir and Aurangabad 
districts is partly due to cultivation of jowar even on 
shallow black soils and partly due to less intensive 
cultivation methods adopted in these districts and 
especially the use of fertilisers. Groundnut yields are 
glso low because its cultivation is not restricted to 
suitable areas only but being a cash crop it is cuitiv'-'ted 
even in shallow soils. Sometimes September rains fall v/hich 
is also responsible fo:? rc-tiucing the-'-yield. 

Following suggestions are offered; 

(1) in shallow deep lands cultivation of Hybrid Eajra 
should be undertaken. 

(2) Converage of p.art of area of joi-rar by Hy.varieties 
should be encouraged. If the rainfall is received in early 
July conditions are favourable for kharif jowar sowing and 
should be taken up on' extensive scale. Fabi jov/ar sowing 
should be taken up in the middle of August for getting 
maximxm advantage of September rains for the grand grov;th 
period of the crop. P.eduction of area 'under Itir in 
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Tuljapur, Osmanabac? anc’ Georai/ l^njilegaon of Ehir 
district by expanding Mung and U'Hd area which are short 
duration is recommended, in rabi, a second crop of jowar is 
to be taken in medium deep soil after the pulse crop in 
the Kharif season* For some areas, safflower as a second 
crop may also be tried. Replacement of part of the 
area of groundnut by sunflower is a short duration crop 
and which thrives better in less moisture conditions 
is recommended. 

. vH For increasing cotton yields it should be taken 

up in medium deep soils and its cultivation in marginal 

lands should be discouraged, /merican cotton varieties 

like Buri 147, 1007 and Hy 4 may be introduced in 

place of Arborium varieties. Part of the area * may 

be dilZErted to chilli crop, r^^plication of fertilisers 

should be encouraged for getting better yields. 

^.P.j It is necessary to evolve short duration high 
yielding varieties of Tur and Groundnut as 
these crops cannot be replaced to a significant 
scale by other varieties of crops. 



zone No.VI: 


This is the biggest 2 one with 37 tpiu.\ao in 


9 districts of the State 

as below: 

ristrict 


Taluk 

1 . handed 

1. 

Kandahe.r 

. 2 . patheni 

2 . 

B a SIT, at 

3. 

jintur 


4. 

Partur 


5 . 

Hingoli 


6. 

parthri 

3. Buldhana 

7. 

Chikli 


8. 

Mekhar 


9. 

Malkapur 


10. 

Khamgaon 

4. Jalgaon 

11. 

Jalgaon 


12 . 

Chopda 


13 . 

Jarrner 


14 . 

rhadgaon 


15. 

Erandol 


16. 

Yaval 


17 . 

Baver 


18. 

pachora 

5. Aurangabad 

19. 

Apbad 


20. 

Jalna 


2 3 . 

j effarabad 


22 . 

Bahradi 

6 . Akola 

2 3 . 

.’'kot 


24. 

A.kola 


25 , 

Ealapur 


26. 

Mangrulpir 

7 . Yeotr.ial 

27 . 

pus ad 


28. 

Parwha 

8 . .tmraoti 

29. 

Ainr aoti 


30. 

Chandpvr 


31 . 

A-chalpur 


32 . 

Daryapur 


33 . 

Chikalda 

9. I-hulia 

3 1 - • 

Shirpur 


35 . 

Shah ad a 


36. 

Talbda 


37 . 

JJcr an i 


The total area of this zone is 60,000 sq"^-.m3 
of, the zone has elevation ranqing between 300 to 1600 mei 
above sea level, Tex tain is a rolling plain. vOome area 
hill'/' This zone falls in assured rainfall zone with 


Most 

.'res 

xS 


mainl7 Itharif crop. 
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II a nnual raln .^ =ill; July is the highest rain.call month with 
20 to 25 cmpm. June, August anj September are of the same 
or<3ep - 12 to 18 cmpm. Rainfall in other mionths is negligible. 
More than 80 per cent of annual rainfall occurs during the 
monsoon period. 

The distribution of rainfall is as under;- 

pre-monsoo n Monsoon post-monsoon 

peb.to May -Less than June,rug.Sept.- Oct. to Jan.- Less than 
5 cmpm. 10 to 2 O cmpm. 5 cmpm 

July -20 to 30 cm.pm. 

Ill Soils ; This zone has mainly medium black soils. 

Existing Cropping Patterns ; Cotton is the predominant crop 
while the second important crop is jowar. In fact cotton and 
jowar are the two common factors in the cropping structure 
of this zone. 

Changes suggested in cropping patt ern; The zone falls in 
assured rainfall area. For increasing the yield of cotton 
the cultivation of hirsuturn varieties like Euri 147, 1007, 
r"/.4, MCU5 etc. need to be extended in place of rrbarium 
,^^j-jetics which are taken at present even in deep soils. 

Further it is necessary to discourage cultivation of cotton 
on marginal lands. Such lands be diverted to hybrid Bajra 
and hJy . Jowar . 

(ii) For increasing the jowar yield replacing about 
50 per cent of the area under the existing jowar varieties 
by hybrid varieties like C3H1, C3H4, etc. is recommended. use 
of fertilisers should also be boosted up. 



Cultiv^^tion of Improve^ varieties of pulses^ 
(Urid Mung) is recommen<^ed for increasing the yield of 
pulses. The second crop after pulses like rabi jow^r 
should be encouraged. 

Crop of un-irrigated chiJlies Can be introduced 
in hea'/y soils. 

1'«S« i It is necessary to evolve high yielding varieties 
of pulses and also short duration varieties of 
Tur for this zone. 
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“CParagraph 14,6* 119) 


<>st;od X!3NDppin2"^a'ttorns fo3r 


Stat^ejit V - i;2*oppi^*« 

Karnataka (SolGotoa oxampxosT 
(3?) Rainfall Pattern No.XXI - Cl E3 (M) Cl Dl e2 

-Zone 

This rainfall pattern/covers the coastal taluka of 


Udipii , CoendapurMangalore and Barrtwal of South Kanara 
District. The total rainfall is 3564 mm, distributed 
mostly from May to November. T'lbout 200 to 280 cm rainfall 
is received during the months of June to July with 51 
to 54 rainy days. In this rainfall pattern, 10 to 20 
cm rainfall is received during May, compared to 5 to 10 cm 
in patterns No.XV and XVII. In view of heavy rainfall, 
paddy is the most important crop in monsoon, irrigation 
potential is 46 per cent in Bantwal, 36 per cent in Wipi, 
32 per cent in Mangalore and 18 per cent in coendapur 
taluk. The irrigation is mostly through tanks, wells and 
lifts on rivers. The soils are mostly •-coastal alluvium 
in all the taluks except some later ites occurring in 


Mangalore, 

The existing cropping pattern for this region is 
paddy in 70 per cent, plantation crops in 9 tg 15 per 
cent, pulses 4 to 5 per cent, sugarcane 1 to 2 psr cent and 
fodder crops 1 to 3 per cent. 

in view of increased irrigation resources and 
extended crop growing period, it is a common practice 
to take 2 crops of paddy v/ith supplementary irrigation. 
Where irrigation is assured, a third crop of paddy or 
other crops having lov'^r v;ater requirements are also 
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Appendix 14.7 c:,.,ntd. 

Statement V contd, 

to be taken. The research Wvxk on multiple cropioing 
conducted at I'fengalore indicated that it is possible 
to grow crops like cowpea/ ragi and paddy profitably 
in summer. The otl:!er crops which could be tried are 
groundnut and pulses. 

The average yields of paddy can be increased from 

13.5 q/ha to about 25 q/ha by adoption of high yielding 

varieties^ application of adequate fertilisers and aci::ptj.on 

of plant protecti.-.n measures, as there is gallfly menace during 

monsoon in this area. The results of experiments conducted 
at the Medium Research Station, Mangalore, have indicated 

that an average yield of 5,000 Kg/ha can be obtained from 

high yielding varieties by adopting recommended practices, 

Hie yields of second crop can bo further enhanced in 

view of lesser incidenae of pests. Hie important 

plantation crops in this regic-n are coconut, arecanut,> 

cashcv.nut, pineapple and pepper. Hie yields of plantations 

crops can also be considerably increased by adoption 

of recommended practices. Hie results of simple 

fertiliser trials in cultivators fields have indicated 

tliat increase in yield by 11 to 52 per cent, can be 

obtained by application of manures and fertilisers in 

case of arecanut. Hiere is also experimental evidence 

to; indicate that ap]ilication of lime increases* the yield 

of arecanut by about 16 per cent over application of 



Stt em ent Y contd. 

KFK rnlono-. The results of experiments carried ab 
Kp.sergod indicate that the yields of coconut can be 
increased by about 30 per cent by application of manure 
and fertilizers. 

There are large areas of fallow lands ranging from 

4 to 8 per Cent and cultivable wastes ranging from 7 

to 18 per Cent in this region. T't least a pert of this 

land could be brought under crops like cashew, 

pineapple, mango and banana. It is further recommended 

and 

that fodder crops like Napier Grass (Kybrid-2 )/ElGphant 

grass should be extended round about cities in fallow 

and wa^5te lands and river beds which would also serve 

the purpose of controlling soil erosion. 

The recommended cropping pattern in this region 

will be paddy in 68 per cent, plantation crops in 

20 per cent, pulses 9 per cent, groundnut 10 per cent, 

fodder crops 5 per Cent,' vegetables 12 per cent and 

sugarcane 1 per cent. 

Zone 

(11). Rainfall Pattern^No.XXVI - Cl D1 E2 (a.4)c 1 Dl E2 

This rainfall pattern covers ^ western part of 
Virajpet and whole of Mercar^-' taluk of Coerg ristrict. 
The total rainfall received is more than 297 cm 
distributed mostly from ypril to November. July is the 
month of highest rainfall. 

Tlae soils are ret* loams. The existing cropping 
pattern is paddy in 33 to 45 per cent, cardamcm 1 to 
2 per Cent, citrus 5 to 13 per cent, coffee 30 to 40 
per cent and other horticultural crops in 6 to 20 
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At)pai^.ix 3.4.7 contd. 

St 'j e n oat V c o 1 1 d. 

per Cent area. The total area under plantation crops 
Is 39 per cent in Virajpet and 57 per cent in Mercara. 

The irrigation potential is 6 per cent in virajpet 
and 3 per cent in Mercara# mostly from s^all tanks and 
canals. Since the heavy rainfall is extending upto 
the end of September, paddy is the important crop in 
monsoon season, in uplands, an early duration pulse 
crop can be sown after the harvest of paddy during the 
early part of October and rovember. in about 30 to 
40 per cent of the area under plantations, inter-crops 
like pepper, raandrin and citrus can be grown. In this 
region, there is possibility of increasing the area 
under rubber, cocoa, nutmeg, vanilla, cloves, turmeric 
and ginger. The area under coconut, pineapple, banana, 
jack fruit, cajd-amom and citrus could also be increased. 
Few crop that c.'in be introdj;jred is tapioca. Parts of 
the areas under cultivable waste and fallows can be 
brought under plantation and forage crops. 

The recommended cropping pattern for this region 
is coffee in 32 to 40 per cent, paddy in 32 to 35 
per cent, cardamom in 10 per cent, citrus in 20 per 
cent and other new plantation crops and spices suggested 
can cover upto 10 per cent. 



Appendix 14,7 contd. ^79 

Statajiant V contd. 

(lil) Rainfall Pattern ^7o.III - e 4 (C4) ri E3 

Ihis rainfrall pattern covers the talukg of 
Seranij. Chincholi/ Gulberga/ 'land, /-tzalpur, Andala 
and Chittapur. The average annual rainfall is 803 mm 
mostly distributed from June to September. Septanber 
is the month of highest rainfn3.2.» 

The soils are medium to deep black, except in 
Aland, where some laterites occur. The existing 
cropping pattern is rabi jowar 30 to 50 per cent, 
bajra, groundnut, tur and other oilseeds 10 to 30 per 
cent each. The yields of jowar are about 110 per cent 
of national average and 80 per cent of State average. 
The yiefeiCd:® of bajra and groundnut are 12 3 and 99 per 
cent respectively of national average. Tlae high yields 
are mostly due to better distributed rainfall. 

The irrigation potential In this area is 1 to 
2 per Cent, except in /.ndala (Jewargi), wlicre it is 
4 per Cent. irrigation is mostly through welis. 

It Is possible to take an early duration 
kharif crop of pulses, groundnut or bajra, followed 
, by a rabi crop of jov/ar, wheat or safflower in moisture 
retentive soils. Paxtures of hybrid jowar and 
cotton, cotton-onion, cotton and chilly, groundnut 
and cotton could also exploited. Use of adequate 
fertilizers would increase the crop yields by about 
40 to 5o per cent. 
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App end lx 14.7 c ont cT . 

S t a t Gtner.t V n o ''.t d , 

The 3uggesPed cropping pr-tteni.Is paddy 1 
pen Idiarif jeijar 2 per o-nt, mbi jovrar 28 por cent, 

bajra 9 per cent, vheat 3 per cent, small mlllots 2 
per cent, 4 per cent, tur 12 per cent, other 

pulses 8 por cent, ST>oaridnut 9 por cent, other oilseeds 
11 por cent and cotton 7 por cont. 



(/.pponflix V.‘!.7 St' t V contd) 

(Iv) Rainfall Pattern - Zone No, VII - D1B3(C1D3)C1D1E2 

This rainfall patt ern covers Hoskota Taluk of Bangalore District, Malur, 
Bangarpet, Mulbagal, Srlnivaspur, Chlntamani, Sa^epalli, ludbanda, Jowribidanur 
and Kolar Taluks of Kolar district! Wadhugiri, Koratagefe, Sira, Chikkanaya- 
kanahalli, pavagada •^aluks of Tumkur district} Hosadurga, Kolakera, Chltra— 
durga, Harihar, Davangere, Jagalur and Molakalmur of Chitradurga District. 

This area receives a total average rainfall of 664 mm, ranging from 545 
to 763 mm, September and October receive rainfall, ranging from 10 to 20 cm, 
while in the remaining months of May to November, the rainfall ranges from 5 
to 10 cm. 

The soils are mostly red sandy, except red loams in the taluks of 
Chitradurga, Chikkanaakananalli, Koratagere, Madhugiri, Srlnivaspur, 

Mulbagal, Bagepalli, Pavagada and Sira; laterites in the taluks of Malure, 
Hoskote, Chlntamani} lateritas and loamy if Kolar, Bangarpet, of Gowri- 
bidanur, mixed red and black in Holakere and Hosadurga and deep black 
in Davangere, Harihar and Jagalur, 

The existing cropping pattern is ragi in 50 to 70 per cent, paddy lO 

to 20 per cent, groundnut 10 to 20 per cent and pulses 10 to 20 per cent 

in Kolar district. In Chlkkanayakanahalll of Tumkur District and 

Hosadurga of Chitradurga district, plantation crops occur in 21 and 18 

a 

per cent a retrospectively. In Chitradurga (^strict, ragi is gro’wn to 
an extent of iO to 30 per cent, Kharif jovar 10 to 30 per cent and paddy 
10 to 30 per cent. In Molakalmur and Challakere ^aluks, pulses and 
snail millets occur in 10 to 30 per cant area. 

The yield leveb of jowar, paddy and ragi are more than national 
average. Groundnut yields are near about the national avei-aga, but the 
cotton yields are low* Ragi crop needs to be continued, but the yields 
can be increased considerably by application of adequate fertilizers 
and growing short iuration varieties like Purna and Sharada, If the 
early rains fall, it is belter to sow ragi or sunflower in place of 
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(i.ppoi-:3.ix 14.7 vSt'.toineiit V contd.) 
groundnuts Cowpea is a suitable for dryland and its use needs to be ex¬ 
ploited. Castor is an important crop wl^h can be introduced in this 
area. The yields of RE 1377 (S.A.2) have been recorded to an extent 
of 12 C/ha. 

About 21 per cent of the area has irrigation facilities. Part,s 
of Harihar and Davangere receive irrigation through Bhadra project, 
w^ile other triluks have irrigation moatly through tanks and wells* 
bO to 60 per cant of the area in Harihar and Davangere is irrigated. 
Irrigation potential is between 20 to 35 per cent in tho taluks of 
Kolar, Malur, Kortagere, Maidhuglri, Bangarpet, Sirinivaspur, Mulabagal, 
Gowribid-anpur and Sira. 10 to 20 per cent of the area is irrigated in 
the taluks of Hoskota, Chintamani, Bagepalli and Pavagada. 

The cropping pattern for the irrigated areas may be racommendad 
as under: 


1. Hybrid jowar 

- 

j^fheat - 

Hybrid jowar or bajra or ragi 

2 n Hybrid maize 

- 

'.'/h ea t or 

Bang a Igx'Am 

Hybrid jovvar or bajra cr ragi. 

3. tegi 


Bengalcram — 
or wheat cx 

1 z G or 
vegetables 

Hybrid bafra or ragi or groundnut 

4* Ragi—I'Vneat 

— 

Maize 

BeuT’r- 

5o Haire 

- 

'nfT-ieit 

Ragi—Leafy vegetables 

6* Hybrid jowar 

- 

Radich 

Deans or Peas — Hybrid bajra 

7. Ragi-beans 

- 

Potato — 

Maize 

g, Paddy 

- 

*')heat - 

Maize or jowar or bajra or ground' 
nuc 

Paddy 

- 

Beano or — 
vegetables 

Paddy 


Paddy may be restricted to low-lying areas only. The above 
cropping pattern may be followed deoending upon the locality, soil 
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(Apt) 'r I''" i r. 14.7 Stt e -1 V co •7'a) 

type ani water for irrigation. 

The average rec'^mmandad cropping pattern for the taluks under 
Chitradurga (jistrict is paddy G par cent, kharif jo-.var 20 par cant, 
rabi jo,var 2.5 par cent, ragi 17 per cant, bajra 1 par cent, small 
millets 9 per cent, tur 6 per cent, sugarcane 0.2 par cent, other 
pulses 12 per cent, groundnut 7 per cent, cotton 4 per cent, sunflower 
2 per cent, other oilsee-ls 2 per cent, castor 0,2 percent an-! plantation 
crops 3.6 per cent. The average recommended cropping pattern for the 
taluks of Kolar ^jistrict is paddy B per cent, maize 5 per cent, ragi 31 
per cent, bajra 4 per cent, kharif jowar 9 per cent, small millets 5 
per cent, gram 0,37 per ceiat tin^r*! per cant, other pulses 11 per cent, 
sugarcane 1.37 per cent, groundnut IB per cent, sunflower 2 per cent, 
castor 0.37 per cent and other crops 5 per cent. The average 
reomm-.jnddd cropping pattern for Tumkur 4istrict is paddy 6 percent, 
maize 2 par cent, kharif jowar 12 per cent, rabi jowar 0,4 per cent, 
ragi 23 per cent, small millets 8 per cent, gram 0«4 per cent, tur 4.0 
per cent, sugarcane 0.4 per cent, other pulses 16 per cent, groundnut 
13 per cent, plantations 5 par cent, sunflower 2 per cent, castor 1 
per cent, other oilseeds 2 per cent on^' other crops 5 per cent. 
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Appendix 14*7 •* Statement V(cont;de) 

Taluk example : Honnali % East Oiimoga District) 

lo Ralnfal.! pattern* ^ D1S3 (C1D3)C1D1E2 

February to May 1 month (May) 5-10 cm 

3 months less than 5 cm 

June to September 1 month (Sept) 10-20 cm 

3 month 5-10 cm 

October to January 1 month (Oct) 10-20 cm 

1 month (Nov) 5-10 cm 

2 montlis less than 5 cm 

2* Monthly rainfall: 

(mm) 


Januairy 

2,8 

May 

85.1 

Sep tember 

81.0 

February 

6.1 

June 

54.9 

October 

130.1 

March 

4.3 

July ^ 

87.9 

November 

45.2 

April 

38,1 

August 

65.3 

December 

10.9 Total 611. 


3. Soils Deep black 


4. Land-use; 

Geographical area 894 sq km 

Per cent of geographical area under: 

net area sov/n 56 

Gulturable waste 1 

pastures 15 

forests 11 

fallow 5 


5* Area under principal crops 

(Thousand ha) 


Paddy 16 
Kharif Jowar 9 
Rabi Jowar 1 
Ragi 8 
Snail Millets 4 
Tur 1 
Other Pulses 6 
Groundnut 7 
Other Oilseeds 1 
Cotton 2 


Per cent of gross 
cropped area 
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(Appendix 14,7 Stat jment V contd) 



APPENDIX X4.8 
(Maps) 

MAP I Rainfall Pattams (Paragraph 14.4.5) 

MAP II Month of Maximum Rainfall togathor with 

(a) Totals of Rainfall (Rf) and Rainy days (Rd) 
of two consecutive months — Month of Maximm 
and of preceding or following whichever is higher 
and (b) Number of consecutive Months (n) 
with Month of sommencament (m) of Rainfall 
of cm pm or higher (bj^j^) with totals of 
Rainfall (Rf) and Rainy days (Rd) for these 
months. 

Entries in each taluk are shown thusi 
(l) -M- (U) b 



(Paragraf* 14.4.6) 


MAP III Rainfall Regions (Paragraph 14.5*5) 

M/'bP IV Cropping Patterns (Paragraph 14.6.2) 

MAP V Livestock Patterns (Paragraph 14.3*15) 

MiAP VI Population Density (District Map) 

(Paragraph 14.3.3) 

MAP VII Net Irrigated area as percentage of Not 
Sown Area (1970-71) 

(Paragraph 14.3*8) 
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APPENDIX 14.9 


(Paragraph 14.7.22) 

Rainfall and Cropping Patterns - 
Karnataka 

1 Introduction 

1.1 The population of the country is estimated 
to reach 935 million mark in 2000 AD, which surely 
necessitates increased agricultural prcxduction. Land 
resources being limited, emphasis has to be placed on 
increasing productivity per unit area. Temperature and 
other climatic conditions being favourable throughout 
the year over most parts of the country, it is possible 
to grow more than one crop per- year provided water is 
available. In some parts of the countr-yj spread of 
rainy season is long enough to provide ample scope for 
double cropping. This potential is yet to be exploited. 
Tliere is undoubtedly scope for increasing irrigation 
water resources in the country, but our estimates show 
that the area under irrigation is not expected to be 
more than 42 per cent of the total cropped area even in 
2000 AD, although it would mean considerable improvement 
over the existing percentage of 22 (1970-71). Therefore, 
judicious utilisation of direct rainfall and irrigation 
water, singly and in combination, will have to be thought 
of for increasing production. 

1.2 Farming technology has so advar.ced that it is 
possible to increase yields of crops even under rainfed 
conditions, but their choice would have to depend upon 
the amount and distribution of the prevailing rainfall. 
Additionally, it will be necessary that the maximum 
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possible quantity of rain-water is conserved in ponds 
and pools situated either within the farm area or elsewhere, 
in soil profiles and underground storages so that the same 
could be readily used to savec rops in times of stress. got 
only in rainfed farming but even under irrigated conditions, 
one will have to plan for the most economic and efficient 
use of vjater to derive maximum possible benefit from rainfall 
reducing dependence on irrigation so that the advantage 
of water availability could be extended to as large an 
area as possible. This necessitates a close study of the 
existing cropning patterns vis -a-vis rainfall patterns aimed 
at determining the nature of changes needed in cropping 
patterns to make the maximum use of rain-water. The 
cropping patterns, as they evolve, represent the integrated 
effect of the requirements, local habits and economic factors 
through time. In the context of increasing production, it 
is necessary to examine them from a scientific angle and 
find out possible alternative patterns having higher 
potential. Accordingly, the Commission undertook a 
comprehensive study of the rainfall and cropping patterns 
of the country. The s tudy covered several other relevant 
factors also to facilitate an integrated assessrrient, vis. 
orography, land use, human and livestock 
populations, operational holdings, pov;er availability for 
cultural operations, soils and climate. 

1*3 The information on rainfall and crops could enable 

one to delineate the countr-' into suitable agroclimatic 
regions because crops in themselves represent an interolay 
of several natural factors including soils. The data thus 
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collected during the course of the study should prove 
useful for various planning and -reference purposes at 
levels ranging from taluk to all-India/ besides its utility 
for the main purpose of arriving at the future cropping 
patterns. It haS/ therefore/ been decided to present the 
basic results of the study together WJtt'h a31 relevant 
data and maps in tiie form of State volumes but these 
State Reports will be issued separately/ though along 
with the main jfeport. This Appendix dealing with Karnataka 
rainfall and cropping patterns is meant to serve as an 
illustration. It consists of six parts, the first being 
introduction. The second is on methodology, the third 
deals with general .information giving a brief account of 
related factors such as orography, land use, soils etc. 
Rainfall and cropping patterns are analysed in parts four 
and five respectively. The concluding part gives the 
guidelines for future cropping patterns. 
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2 Methodology And Sources of Data 
2»1 The methodology adopted in the study is described 

in this Section. The chief features of the study are (a) 
use of taluk (or teheil) as unit of area,* (b) introduction 
of the concept of numerical form to express patterns of 
distribution of rainfall, crops and livestock and assigning 
them suitable codes and (c) inclusioh of information on 
orography, temperature, evapotranspiration, rainfall, 
soils, irrigation, land use, size of operational holdings, 
human and livestock populations, power availability for 
field operations and yield performance of crops, all of 
vrhich influence in different ways and degrees the cropping 
patterns of a place. The information so coded, is then 
presented on maps of 1:1 million scale. 

Rainfall Patterns 

2.2 A major feature of Indian rainfall is that more 

than 70 per cent of it occurs during the south west monsoon 
months of June to September throughout the country, except 
the south east Peninsula and Kashmir. The monsoon as we-11 
as annual rainfall shov/ large fluctuations from year to 
year, but there is no evidc-nco o£ any significant trend or 
periodicity in them v;hen examined over a long period. 

Because of the lack of such trend, it is possible to 
classify regions in the country possessing characteristic 
rainfall patterns, when the examination of rainfall is 
considered in relation to crop production, the aneual or 
seasonal totals do not have much significance compared with 
smaller intervals. Then, a pertinent question to answer is - 
whether rainfall should be considered on a weekly, 
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fortnightly or monthly basis. The coefficient of variation 
of rainfall i s as high as 40~50 per cent even in the 
rainiest month of July, over most of the central, northern 
and eastern India. The variability of weekly or fortnightly 
rainfall is many times greater. This is a major difficulty 
in using weekly and fortnightly averages aS dependable 
indicators of rainfall distribution. Therefore, v;hile 
studies for individual or specific prcblems on the basis 
of weekly or fortnightly rainfall data have their own 
utility in spite of their high variability, for a macro¬ 
study like the present one involving the whole country', 
monthly data are most convenient, 

2,3 In order to facilitate examination of the 

distribution of rainfall during periods of crop growth, 
limits of rainfall v;Viich have closer relation to broad 
requirements of crops, have been drawn up. The time span 
of crops is usually of the order of 90 days or longer. 
Keeping this in viev/, the following limits have been_ 
used in the study;- 

i) Rainfall of greater than 30 cm per month (pm) 
for at least tlij!*©© consecutive months would 
be suitable for a crop like paddy whose 
water need is very high. 

ii) 20-30 cm pm for not less than three 
consecutive months/would be suitable 
for crops whose water need is high 
but less than paddy, for example, maize 
and blackgram. 

iii) 10-2o cm pm for at least three consecutive 
m.onths is considered suitalole for crops 
requiring much less water, e.g,, baj ra 
and small millets. 
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iv) 5~l0 crn pm is just sufficient for crops 
which have Icnv water requiremants, e.g, 
moth (P. aconitifolius )and ephemeral grasses, 

v) Rainfall less than 5 cm pm is not of much 
significance for agriculture. 

2*4 For denoting the year's rainfall distribution/ 

the limits of rainfall have been designated by symbols 

as follov/s:- 

symbols rainfall cm pm 

A greater than 30 

B 20~30 

C 10-20 

D 5-10 

E less than 5 

In distributions involving higher amounts of rainfall 
of A or B type, lower association of D type are more 
common than E. Therefore/ in order to reduce the nunfoer 
of symbols in distributions beginning with A or B and atthe 
same time give an idea of the possibility of occurrence 
of rainfall of even less than 5 cm pm/ symbol E has been 
used to denote amounts of less than lo cm pm/ skipping the 
use of symbol D. Such instances are not many. A numerical 
subscript is affixed to these alphabets in order to 
indicate the number of months in which a particular amount 
of rainfall is received. As June-Septerriber period is 
important in most parts of the country/ this is shown in 
the coded form by a bracket/ the four months of Feb-May 
being on its left and the remaining four months 
October-January on the right. An example of a yearly 
distribution is Dl E3 (a 2 Bl Cl) Cl D3/ in v^hich for each 
of the three periods the symbols are in order decreasing 
rainfall but not necessarily in order in which they occur 
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' In- the-caleJKiar* I±js numerical interpret^tiou is as 
follows 

i) Dl E3 represents the peri od February 
to May/ in which one iponth's rainfall 
{usually May) belongs to 5-l0 cm type 
and the remainder three months get less 
than 5 cm pra. 

ii) A2 El Cl represents the period June to 
September/ in which two months , (usually 
July and August) get more th^n 30 cm prri/ 
one month (September) belongs to 20-30 
cm t'^rpe and the remaining month i.e. June 
to lo-20 cm type, 

iii) Cl D3 represents the period October to 

January, in which October belongs to 10-20 
cm type and the rest to 5-lo cm pm type. 

2,5 If an identical distribution occurs over two 

Or more adjacent taluks, it is designated as pattern and 

the area covered by a pattern is distinguished as a zone 

and indicated by Roman numerals. Rainfall patterns 

have teen identified, follovring the above procedures by 

utilising the 5o year normals of about 2,700 rain gauge 

stations as contained in the India Meteorological 

Department’s Memoir^ XXXI(III) 1962 and depicted on maps 

of 1:1 million scale. The terminology which has been 

adopted usually v;hile discussing rainfall is indicated 

below, 

terminology use 

(i) rainfall pattern when a- season's or 

all the 12 months' 
distribution is meant 

ii) type Wlren rainfall of . ■ . any of 

/ralnfhll the 5/limits is diS^^ussed, 
e,g./~A type, B type etc, 

Wlien a range between 
a few types is described, 
e.g,, A2-B2 category, 
E1-C4 /c 3 category etc. 


iii) category 
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Cropping Patterns 

2.6 The study of cropping patterns has been based 
on the gross cropped area at the taluk level for 1969~70/ 
obtained from the States. An attempt has been made to 
cover as many crops as possible in the analysis. Because 
the number of crops is large and vary from taluk to taluky 
only th'^se crops which individually occupy 10 per cent 

or more of cropped area have been considered for inclusion 
in cropping patterns. As such crops having lesser area 
spread have been often excluded even though they might 
be of local importance e.g./ vegetables/ potato/ tobaccO/ 
sugarcane/ grapes. The minimum limit of the area to be 
accounted for by a cropping pattern has been fixed at 70 
per cent/ after many trial computations, B-y adopting this 
criterion the number of crops to be considered in a pattern 
does not usually exceed four or five. Thus/ a combination 
of crops/ each occupying not less than lo per cent of tlie 
gross cropped area of taluk and malting a total of 70 per 
cent or more of the gross cropped area, is considered 
sufficient to constitute a cropping pattern provided that 
it extends over at least two adjacent taluks. 

2.7 The crops together with percentage area 



coverage as u 

sod in 

the study is 

give 

Crop 

Code 

Crop 

code 

paddy 

i’d 

■ groundnut 

■ Gn 

pulses other 


Oilseeds 

O 

than pigeonpea 

otlicr than 


and gram 

Fu 

gr cu ndnut 


potato 

Pt 

oats 

C>a 

v;heat 

• T 

V 

cotton 

C 

maize 

M 

other fibre 

s Fb 

small millets 


fodder 

F 

other tnan 




ragi 


fruits 

Fr 

jewar kharif 

Jk 

plantations 

L 

jowar rabi 

Jr 

su gear cane 

S 

jute 

•Tu 

vegetables 

V 

baj ra 

s 

chi 11 ios 

Ch; 

barley 

Fa 

nigmaonpo a (t 

ur)r 

r nci. 

R 

tapioca 

Ta 


) 

) 

) area 
) cove: 

) (perc ent) 

) ““ 

) 

) 

) 


70 or iT^ore 1 
50-70 2 
30-50 3 
10-30 4 


uran 


G 


) less than 5 

) 10 
\ 

) * ove r 1 ap o i n g 
) points are 

suitably adjusted 


The code number indicating the percentage area coverage 
by particular crop is affixed as a subscript to the 
crop symbol concerned. For example/ C3 Jr4 l-';t4 v;ould 
indicate that cotton area is 30-50 oer cs-nt and iovsar 
rabi and millets each occupy lo—3o per cent of the gross 
cropped area, ‘dhero each of the crops occupies say, 

10-30 per cent of the area, o.a., in the cropping pattern 
C4 Jk4 Jr4 Mt4/Gn4 the crop covering the largest area 
v;ould be placed first, but the subsequent crops do not 
follow in any particuilar scouence. The crppoing patterns 
so derived have been indicated on maps of 1:1 million size 
Livestock Patterns 

2,8 Since talukv/ise figures based on Livestock Censv. 

1972 have not become avail.ablc, 1966 Census figures as 
pub?.ishcd by the States have been used. The categories 
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of animals included arc shown below together with the 
symbols used in the present study. 


Category 

S'^mibol 

cattle; 


males over 

3 years 

Cm 

females over 

3 ^ars 

cy 

young stock 

3 years and 
under 

cy 

buffaloes: 


males over 

3 years 

Bm 

females over 

3 years 

Bf 

young stock 

3 years and 
under 

By 

sheep 

s 

goats 

G 

horses, mules and 
ponies 

li 

donkeys 

D 


camels Ca 

pigs . p 

Following the same procedure and percentage intervals as 
in cropping patterns, livestock patterns have been identified 
and expressed in coded form, 

2.9 Soil data corresponding to the scale used for the 

rainfall/ crops and livestock patterns are not availaJ:’le 
for all the areas of the country. Out of about 3o5 Mha 
of the country's surveyable area/ only about..,QO.J:^ha have 
been surveyed by one method or the other, but s ome of these- 
areas need resurveying. In some States like Bihar and 
West Bengal;,- which have been covered almost wholly by 
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reconnaisance survey, the work in soil correlation has 
not made much progress. Because of this we have recommended 
in our Interim Report on Soil Survey and Soil K:ap of India 
(August, 1972) that expeditious measures should be 
undertaken to prepare a soil map in 1:1 million scale. We 
envisaged that a useful soil map of India could be prepared 
within about 10 years' time, if necessary steps to organise 
soil survey parties in accordance with specific requirertents 
are commenced urgently. In view of the present status of 
soil survey work it has been possible only to give a broad 
description of soil types based on the information available 
in the map prepared by the All-India Soil and Land Use 
Survey, Indian Agricultural Research Institute (1972 Edition). 
Operational Holdings 

2»10 In regard to operational holdings, information 

has become available only very recently as part of the 
Agricultural Census 197o^ The number and area under 
different class intervals of holdings ranging from 0,5 to 
5o ha or above as percentages of the total number of 
hold'.ngs and the total area operated, for all the districts 
have been taken from the census report for the present 
study. 

Povvfer Availability for Crop Production 

2.11 The components of rower are human, animal, 

mechianlcal and electrical. Human pov/er reckoned here comes 


1. Agricultural Census Commissioner, Govern-lent of 
Karnatalva, 1974, Census of Agricultural Holdings 
in Karnataka - 1970-71 . 
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from cultivators, agricultural labour and those engaged 
in livestock, forestry, fishery, plantations etc., as 
reported in the Population Census, 1971. In the case of 
animal power, the data are based on the Livestock Census 
1972. ■ Information on Agricultural machinery has also been 
obtained from the same source. The contribution of each 
of the powet components has been taken to oe as follows. 

Component Horse power(HP) 

per u nit_ 

i) human 

(for each nerson in the 
sge group 15-59 years - 
mean value for males ^ 

and females combined) 


ii) animals 

bullocks and he - 

buffaloes 0,40 

camels 1.00 

iii) mechanical/electrical 

tractors 25.00 

power tiller 7.00 

power sprayer/duster 2.00 

diesel engine 7.00 

electric motor 6.00 

electrically operated 
sugarcane crusher 6.00 


Note- For details please see Chapter 5o on 

Farm Power (Statement I, Appendix 50'.1) 

AS tractors are also employed for hauling operations etc, 

only 5o per cent of the tractor power is assumed to be 

utilised in farm operations. In the case of human and 

animal power ^ 20 per cent is allowed for extra farm 

activities; hence only 80 per cent of total human and 

animal power/is ta3<.en as power available from these sources 

for farm operations. 
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Other Factors 


2.12 The sources of data pertaining to other factors 

included in the study are given below: 


facto r 
taluk area 


orography 


tenrpe nature 


Evapotranspiration 


Human population 

irrigation and land 
use statistics 


relative yield index 
(RYI-The district or 
State yield average 
expressed as per 
cent of all-India 
average) 


firesentation of Intormation 


source 

States' Census Report 1971 
or from the data furnished 
by the States in their land- 
use returns 

maps published by the 
Survey of India and Mational 
Atlas Organisation 

Climatological Tables of 
Obssrvatori.s in India, 

India Meteorological 
Department, 1931-60 normals 

Scientific Reprrt Mo,136 
of the India Meteorological 
Department, 1971 

Census of India, 1971 

Basic data pertaining to 
land utilisation statistics 
was obtained from the 
States and mostly relating 
to 1969-70 

Directorate of economics 
and Statistics, liinistry 
of Agriculture and Irrigation. 
Data on crop yields are 
available o-^ 'y for districts 
and, therefore, distarict 
averages (1968-69 to 1970-71) 
have been utilized. 


2.13 The tables, which are of direct use to the text, 


are included in Annexure 1. This consists of the following 


lO statements 

Statement I Districtwise Frequency Distribution 

of Areas of Talukas in Different Class 
Intem/als of Area 

Statement II riean Daily Temperature C®;;) for 

CSIeservatories in Karnataka 
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Statement III Mean Daily Maximum Temperature ) for 

Observatories in Karnataka 

Statement IV Mean Daily Minimum Tenperature Po:;,) for 

dr.servatories in Karnataka 

Statement V Normal Monthly and Annual Potential 

Evapotranspiration (Pe) for selected 
ODservatories in Karnataka. 

Statemeht VI Irrigation Statistics 

Statement VII Land Use Statistics - Percentage ofHe-pbrtin'^ Area 

( 1969 - 70 ) o - 

Statement VIII Frequency of Taluks in Different Ranges of 
' Population Density 

Statement IX Percentage of Operational Holdings 

and Area Operated 

Statement X Availability of Power per Hectare of 

Cultivated A rea 

2,14 All small sized maps have been presented in 

Annexure 2. These maps are: 

Maps I - XIV- ■ ‘Rainfal]. and Coefficient of Variation- 

May to October and Annual i,;; 'i 


XV 

Net Sown Area as per cent of Reporting 
Area 

>P/I 

Irrigated Area as per cent of Gross 
Cropped Area as cropped Area 

XVII 

Density of Population 

XVIII 

Total Power Available for Cultural 
eperations (per ha. of cultivated area) 


2.15 The basic data,/ on v/hich the present study is based, 

are elaborate in nature. To facilitate reference to these 

data the following Annexi-res have also been incluvded:- 

Annexurc 3 Zonewise (according to rai 'fall zones) 

Land Use and Population Statistics. 

/vnnexure 4 Zonewise Livestoclc Statistics 

zonewise Information on Rainfall, 

Rainy Days and Cropping Patterns of the 
conce rned Ta Ivks , 


Annexure 5 
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Annexure 6 Zonewise Information on Crops ,of ■ tlie 

concerned Taluks 

Annexure 7 Statement I - Districtwise Rainfall, 

Cropping and Livestock Patterns together 

Statement II - Rainfall, Cropping and 
Livestock Patterns of Taluks in each of 
the Districts 

Statement III - zonewise Arrangement 
of Cropping and Livestock Patterns 
together. 

2.16 The maps, which are of 1:1 million size, have 

been given at the end in Annexure 8. Tl'ese will prove of 

constant use in the understanding of rainfall and cropping 

patterns. Their titles are: 

Map I Rainfall Patterns 

Map II Month of MaxiTm.im Rainfall 

Amount and Rainy Days of Tv^o 
Consecutive Months including 
the Month of Maximum.' 

Map III Cropping Patterns 

Map IV Livestock Patterns 

Map V Soils. 
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3 General Information 

3.1 The geographical area of Karnataka is about 

190/000 sq Kjn. The State is divided into 19 districts, 
varying in area from 4,000 sq Km (Coorg) to over 17,000 
sg Km (Bijapur) as shown belov/: 

iSfamfc'er of districts with area (thousand ^ s q Km) of 
4-6 6-8 8-10 10-12 12-14 14-16 16-18 Total 

3 3 3 5 3 1 1 19 

The State has 175 taluks each with an average area of 
1/100 sq Km. The frequiency distribution of areas of taluks 
in each district in different intervals of area is given in 
Annexure 1 - Statement I. 

Orography 

3.2- _ The principal orographic feature of the State is 

the Western Ghats running north to south along or close to 
western boundary of Eelgaum, Dharwar thraagh Chikmagalur 
and Hassan to Mysore. The Ghats are at elevations ranging 
up to 1,500 m (metres above sea level) and at places are 
as high as 1,700 to 1,900 m. The Ghats divide the State 
into thcD coastal and Ghat regions to their west and a wide 
plateau area on their eastern lee side. The coastal belt 
is less than 200 m in height and 5o Km in width. Almost 
the entire district of Coorg is at elevation of 900 to 1800 
m except for the small area of Virajpat, which is at an 
elevation of 150 m. On the lee side, the heights vary from 
600 m in the south to more than 1,500 m over the Ghats. 

The olateau elevation generally ranges between 400 and 600 
m in the northern districts, particularly Eijapur, 

Gulbarga and Raichur. 
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Temperatures 

3.3 The temperature conditions of the State 

(Annexure 1 - Statements II to IV) are summarised helow: 
coast interior 

i) Mean daily temperature: 

Th^ annual normal is 

27 C. The annual normal varies 

Range of monthly between 23 and 27°C 

variatiog is small (excluding elevated stations) . 

(25 - 29 C) Range of monthly temperatures 

is large. 

July-September July-September temperatures 

temperatures are are uniform within a degree, 

uniform (25 - 26 C.) 

ii) Maximum temperature: 

The highest is in March to May are the hottest 
April - May months in the northern , 

(32 - 34 ) districts of RaichuriGulbarga 

and Bijapur (38 - 40°C) and 
32 - 34 c in the plateau 
areas of the south, 

iii) Minimum temperature; 

December to February December and January have 
temperatures are the the lowest normals 
lov;est (19 - 22 C) (14 - 17^C) . 

Potential Evapotranspiration 

3, 4 Penman's formula, based on energy balance end 

aerodynamic considerations has been util?.Eed for the 

calculation of potential evapotranspiration (PE). Monthly 

1 

and annual values of PE for 17 stations in the State arc 
given in Annexure I -<• Statement V» 'The annual PE variations 


1, Rao, IC.M,, George, C.J and Ram Sastry, K.S. Potential 
Evapotranspiration over India. Prepublished Scientific 
Report No,136, India Meteorological Department. 
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range from between 130 and 150 cm in the coastal and 
southern plateau areas and between 160 & 200 cm in the 
northern are^as. The annual PE for Raichur is 195 cm, 

PE is 9 to lO cm per month in the coastal areas and much 
higher at 14 to 16 cm pm in some interior areas during 
the months of June to September, PE is considerably less 
than rainfall in the coastal areas but is of the same 
order or higher in the interior/ even in the rcciny months. 
Soils 

3.5 A narrow coastal strip is classified as coastal 

alluvium. Adjacent to it and extending from south to 
north with a width of about a third to half degree the 
soil is latcritic. This belt is followed by another 
of red loamy soils. In the rest of the State-/ two mrain 
groups of soils prevail: 

i) Red sandy soils - Those occur to the south 
of Latitude 15°N. There arc however patche-s of (a) 
laterites in North Kolar and surrounded by red loam area 
in northern Bangalore/ portions of Kolar and eastern 
third of Tumlcur district and (b) medium or deep black and 
a small area of mixed rerl and black soils in Chitradurga 
district. 

ii) Medium black soils - These contain patches of 
(a) mixed black and red in Raichur/ Bollary/ Belgaum/ Eijapur 
and bharv;ar districts/ (b) sizable area of deep black 
running north of Lat. 20°N. (a third of a degree in extent) 
and (c) latcrite in South Pidar and adjoining Gulbarga 
districts. Map V of Annexure , 8 shows the soils of Karnataka 


State 
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Irrigation 

3,6 The , Vcross irrigated area in the State in 

1969-70 v/as about 1.3 ha v;hich represented 12 p«r cent 
of the gross cropped area for that year. Fitteen districts 
out of 19 have less than 20 per cent irrigated area. 
Districtwise position of irrigated area (Anneiaire 1 - 
Statement VI/ Annexure 2 - Kap Xvl) can be surr-arised in 


the following manner:- 
Percentage of 


gross 

crop ced 

area 

irrigated 

5 or 

less 

5,1 - 

10.0 

10.1 - 

15.0 

15.1 - 

20.0 

26,1 - 

. 34,0 ■ 


t; 1 


districts 

Gulbarga, Bidar/ Bijaour/ 
Dharwar 

CoorP/ Eellary. 

Felgaur. 1 / Raichur/ 
Chikmagalor, r-'ysore 

Tumkur/ Bangalore/ Hassasi/ 
M'-'anara Chitradurga 

I-olar/ S.Kanara/ l-andya 

Shimoga 


Examination of taluk vdata shows that about 70 per cOai>- 
of the talv’/is have l€;ss tnan 20 per cent irrigation. 


Better irrigated taluks lie :in the southern districts. 

The taluks in three adjoining districts i.e./ Eijapur/ 
Gulbarga and Bidar/ have the lowest irrigation v;ith only 
two taluks having lo per cent irrigation. Only 4 of the 
17 taluks of Dharwar District have more than 10 per cent 
irrigation, 3 talukas have IC - 20 P' r cent irrigation and 
one taluk lies in the 40 - 50 per cent interval. Of the 
seven taluks v/ith more tl-.an half the area irrigated five 
are in Bhirnoga (50 to 100 per cent) and one each in r-'andya 
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and Chitradurga. All the taluks rely more on tanks and 
v/ells, which account for 60 per cent of the irrigated 
area. Canals account for 33 per cent of the irrigated 
area, but in the majority of the taluks (116) the area 
catered by them is less than 10 per cent of the 

irrigated area, whereas the area served by tanks and wells 
in 120-130 taluks is of higher order. 

Land Use 

3.7 Districtwise land-use is given in Annexure 1 - 

Statement VII and Annexure 2 - Map XV. It will be seen 
that 15 per cent of the geographical area of the State 
is under forests. Areas not available for cultivation, 
pastures and fallow lands each constitute 8 to 9 per cent 
of the total area v;ith cultivable waste constituting 
another 3 per cent. Forests dominate the coastal and 
adjoining areas, Coorg and the southern parts of Mysore, 

In Kanara District eightyone per cent of the Morth Kanara 
taluk and 91-93 per cent of the Supa and Yellapur taluks 
is under forests. Fifty per cent area of Khanapur 
adjoining Supa is also forest area. In Coorg, eastern 
taluks of South Kanara and Chikmagalur and the southern 
taluks of Bangalore and Mysore are 30 - 40 per cent of the 
area is forest; in Kollegal taluk area under forests is 
higher than 70 per cent. The spread of areas under permanent 
pastures also varias. In Sriimoga and Kolar, permanent pastures 
25 - 26 per cent of total area, in Chikmagalur 22 per cent 
and in the other southern districts 12-15 per cent. In other 
parts of tl-\e State the extent of such areas is negligible. 
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3.8 The State average for cultivable wacte ir indeed 

small/ tnere being only 9 taluks v/hcre more than ic per cent 

of the geographical area comes under this categorv. in 

vagaii'angla taluk the incidence of cultivable ;vasto lands 

IS highest at 3o per cent of the total area. Fallow lands are 

Of the order of 15-20 per cent in Kassan., Tumkur and Bidar. 

In Raichur District an average of 12 per cent of the total 

area lies fallov/ and in tlie remaining districts extent of 
less than 

fallow lands is/8 per cent. The State average of net sa*m 
area is 54 per cent. in the coastal belt (Kollegal and 
Keggaddevankote taluks) net sown area is the lowest at 20 
per cent or less of the total area. In Coorg this proportion 
ia 29 per and:.in Kolar area it is 38 per cent. 

It is 40 - eo per cent over most of the area up to about I^at*. 
15-16 and mostly 70-95 per cent elsewhere. Supa and 
Yelj-apur are the lov;est with 3-5 per cent end there arc Pa^o 
significant areas of abor t 9 o per cent surrounding (i) 
kavalgand and Margund and (ii) anoth.cr in Bagewadi-Sindgi 
taluks. The frequency distribution of taluks falling in 
different class intervals of not sown area is shown below: 



:\fUmber of t- 

'luks 

with 

net area sown as 


ocr 

CO nt 

of 

geographical 

area 

of 


less 










than 

10- 

20- 

30- 

• 40- 

50- 

60- 70- 

80- 

- 90- 

10 

20 

30 

40 

50 

60 

70 

60 

90 

100 

3 

20 

12 

28 

21 

22 

20 

25 

18 

6 

<area s^own 

accounts 

for 

only 

lO per 

cent 

of 

the geographical 


area in horth Kanara. The corresponding percentages for 
the southern districts are mostly between 30-50 per cent. 
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Bellary and Bidar are 6l per cent/ Bolgaurri/ Raichur and 
Gulbarga 70-75 per cent and Bijapur and Dharwar over SO 
per cent, 

3.19' The area sown more than once is only 6 per cent 

of the net sown area of the State. The cropping intensity 

is thus only 106 per cent. It is highest in South Kanara 

district (143 per cent). Mysore and Eidar are the next 

highest with 120 per cent, Tne cropping intensity among 

taluks is shown below: 

Number of t aluks wit h cropping intens ity of 

less 110- 120- 130- 140- 150- 

than 120% 130% 140% 150% 160% 

110 % 

131 23 8 751 

* 

(74.9) (13.1) (4.6) (4.0) (2.8) (0.6) 

There are only six taluks with intensity in the range of 
140 to 160 per cent; four of these are in South Kanara 
district and one each in Shimoga and Mysore districts. 

The maximum crop intensity of 160 per cent is in Udipi 
taluk. 

Population 

3.10 The total population of the State is 29.3 million 

and the average density is 153 per sq Km. The percentage 
rural population of the total in the State is 77 per cent. 
Bangalore district has the lowest rural population of 45 
per cent only. It will be seen from Annexure 1 - Statement 
VIII/ Annexure 2 - Map XVII that among the districts/ 
Bangalore has the highest density of 419 per sq km and the 

* Figtires in parantheses represent percentage to 
total number of talujcs. 
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next highest are Mandya and South Kanara with a density 

of about 235 per sq km. The density of other districts 

varies between 83 (North Kanara) and 185 (Kolar). Analysis 

of taluk distribution shows higher density of population 

from Kolar and Bangarpet taluks to Mysore in south and from 
! 

Udipi to ^antwal over the coast. All but 2 of the 9 taluks 
with density of more than 300 per sq km are in these two 
areas, Belgaum and Hubli taluks are the remaining two. 

A nearly north to south belt running from Khanapur through 
Sup a and Yellapnr to Maniarabad has density of less than 100 
per sq km. Supa and Yellapur have the lowest With 19 and 
34 per sq kra respectively. In general/ the density of 
northern taluks is not high, a number of taluks in Raichur 
district l:iave density of less than 100 per sq km, 

Cperational Holdings 

3.11 The total number of operational holdings in the 
State in 1970-71 was 3/551 thousands covering a total area' 
of 11,367 Mha of net sov/n area/ current fallows, cultivable 
v/aste and area not available for cultivation. The following 
table gives the per cent frequency of holdings in different 
class intervals of area and also the per cent of total area 
covered by each of the class intervals: 


size of, holdings 


per cent of 'total 
number of area 
holdings operated 


2 or less 


2-5 


28 27 


5-20 


17 46 


more than 20 


1 


11 
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A close examination of the data in Annexure 1 - Statement DC 
shows that larger size of holdings are c^: ncentrated in the 
northern half of the leeward side of the Ghats. Due to 
factors like irrigation and pressure of population the size 
of holdings is smaller in the southern half. 

Livestock 

3.12 Fourteen livestock patterns have been identified 

for the State. These are classified belov; into six groups 
according to predominance of different species: 

I Sheep predominant 

1 S3 G4 Cf4/Cm4/Bf4 
f 2 S3 Cm4 Cf4 G4/Cy4/Bf4 

3 S4 Chi4 Cf4 G4/Bf4/Cy4 

4 34 G4 04 Cf4/Bf4 

II (Goats predominant 

1 G4 34 Cm4 Cf4/Cy4/Cy4 Bf4 
III Male cattle ((Gm) predc'minant 

1 Gm3 Gf4 Cy4 

2 (Gm4 Cf4 Cy4/p4 

3 Gm4 Cf4 Cy4 G4/S4/Bf4 

ly Female cattle predominant 

1 Cf3 S4 Cy4/G4/Cm4 

2 Cf3 Cy4 (Gm4/Bm4 

3 Cf4 Cy4 (Gm4/Om4 Bra4 

y Female buffaloes predominant 

I 1 Bf4 (Gm4 By4 Cf4 

VI Young stock cf cattle predominant 

1 Cy3 Cf3 

2 Cy3 Cf4 (Gm4 S4 



3.13 The livestock pattern of the State as a whole is 

S4 On4 Cf4 G4/Cy4. The largest in numbers is sheep, being 


711 


nearly a quarter of total livestock population of 20.5 
million,Sheep predominant^ in about tv/o-third of the taluks 
in the State, covering mostly the eastern and central parts 
and extending from Gundlupet in the extreme south to Yadgir 
in the northeast and Chikodi of Belgaum district in the 
northwest excluding some of the southern taluks of Bijapur 
district. Goats have higher percentage than the other 
categories of livestock in a large part of Bijapur district 
and neighbourhood. In the remainder of the State, male or 
female cattle predominate. Female buffaloes and male catf 
have nearly the sai'oe percentage in Belgaum and Eailhongal 
taluks and these are grouped in a pattern beginning with Bf. 
In a few of the taluks of South Kanara, percentage of male 
buffaloes is significant enough to enter into a pattern as 
an alternate category. Pigs are significant in Mercara and 
Virajpet. The patterns for the districts could be expressed 
as follows; 


pat terns 

53 G4 Cm4 Cf4 

54 G4 Cm4 Cf4/Cy4 
S4 G4 Cm4 Bf4 

G4 S4 Cm4 Cf4 

Cm4 Cf4 Cy4 S4/G4/Bf4 

Cm4 Cf4 Cy4 

Cf4 Cm4 £4 G4/Cy4 

Cf4 Cm4 Cy4 Bm4 


districts 

- Turnkur, Kolar, Mandya, 
Chitradurga 

- Bangalore, Bellary, Raichur 

- Belgaum 

- Bijapur 

- Chikmagalur, Shimoga, 
Gulbarga^ Bidar, Dhan'^ar 

- Y.Kanara, Coorg 

- Mysore, Hassan 

- S.Kanara 
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Power Availability for Crop Prodrction 
(AnnejEure 1 - Statement X/ Annexure 2 - Map XV^III) 

3*14 The aaricultrral working population is only 

one-fifth of the total population of the State, v/hich is 

the same as in the country/ as a whole. The availability 

of power per hectare of cultivated area from different 

sources totals to 0.2& HP, the percent contribution of 

individual components being as follov/s: 


c ompone nt 


p erce n t of tot a l power 


human 9,5 

animal 41f.5 

mechanical/electrical 

tillers 0»3 

tractors 

sprayers/dusters 2,$ 

diesgl engines 
electric motors 

crushers 1,7 


It has been assumed that only 80 oer cent of the human 
and animal oov/er and half of the tractor power is utilised 
for cultural operations. 


3*15 It may be noted that the above estimates of power 

availability are for all the operations - tillage, 
interculture, irrigation, plant protection and post-harvest. 
It would be necessary to estimate the pov/er availability 
for each cultural operation like tillage and interculture. 
This information is given in col.2 of Table 1. The paA^er 
availatile for cultural operations in Bangalore, Eelgaum, 
Eidar, Eijapur, Kolar, South Kanara and Tumkur is less than 
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half of the total availability (within 35-45 per cent). 

This is because the total pcv/er availability is boosted 

due to diesel engines and electric m-'tors, whose share 

in these districts is considerable - (Eangalor'e 61, Eelgauin 

50, Eider 56, Blj spur 51, Kolar 63, S.Kanere 53 end Tujnkur 

53 per cent). It is important to note that e.rimal power 

dominates in cultural operations ranging betv/een 70 and 80 

per cent e>:cept in the case of Sangalore (ZB per cent). 

Human power cemes next accounting for 15-30 per cent of the 

total power availability. The contributio'n of mechanical 

power is very small, generally around 5 per cent of the 

total except in case of Coorg, Raichur and S,himoga (8-10 

per cent) and Bangalore (16 per cent). /, reference to 

Annexure 2-Map XVIII v/culd show that the southern half 

of the State has higher pov/cr availability compared to 

the northern half. The coastal belt has higher power 

per hectare 

availability of 0,3 ~ 0,5 HP/, presumably on accrunt of 
the fact that the extent of cultivable area is comparatively 
lov/er in this area. 
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Table 1 

Pov;er available for Cultural Operations 


district 


pov/er available for c ultur al o y oerat j.ons 
% of total per cent of total 

actual pov\?er for co ntributed by__ 

(HP^ha )all opera- human animal mechani- 
^ tions Ccol 


Bangalore 

0.19 

35 

25 

59 

16 

Belgaum 

0.14 

... 44 

t ” -l uc-:, 

20 

75 

5 

Bellary 

0.12 

58 

17 

77 

6 

Bidar 

0.09 

38 

20 

73 

2 

Bijapur 

0.07 

45 

21 

73 

6 

Chilariagalur 

0.27 

78 

13 

81 

6 

Chitradurga 

0.22 

5f 

17 

77 

6 

Coorg 

0.29 

80 

13 

79 

8 

Dlianvar 

0.11 

08 

18 

77 

5 

GuIbarga 

0.08 

67 

16 

82 

2 

Hassan 

0.22 

80 

15 

SI 

4 

Polar 

0.31 

32 

21 

75 

4 

Mandya 

0.23 

64 

19 

■ 80 

1 

Mysore 

0.22 

6 7 

18 

60 

2 

N. Kanara 

0.45 

73 

15 

84 

1 

Raichur 

0.11 

73 

15 

75 

10 

Shimoga 

0.32 

77 

12 

79 

9 

S . Kanara 

0.38 

43 

17 

81 

2 

Tumkur 

0.19 

44 

20 

78 

2 

State 

0.15 

54 

18 

77 

5 




715 


4 Rainfall Patterns 

4»1 Tha rainfall zones together v/ith their patterns^ 

gross cropped area, number of taluks and districts are 
mentioned in Table 2 and are also deoicted in the map 
(Annexure 8 ~ r-^ap I) A narrow belt comprising Zones XI, 

XII, }C'/III and part XXV runs i»' a north south direction 
along the Ghats separating the coastal side to west and 
leeside to esst in which the cropped area constitutes 4,9 
per cent of the total gross cropped area of the State. 

The coastal bc'-t to west accounts for 5,5 and rest of the 
State to east of Ghats 89,6 per cent of the gross cropped 
area. In te'':>’S of the categorr^ of rainfall during the 
south west iTronsoon season, the distribution of gross cropped 
areas is indicated below; 


Rainfall category 

X 

Zoiies 

'x ” 

Gross 

cropped area 

(SW monsoon) 

X 


X 

actual 

per cent of 


X 

-X-- 

X 

v 


X 

(Mha) 

total 

A4 to At 

XII to XVIII 

T* 

X 

0.84 

1 

« 

CO 

1 

I 

t 


A 

X 

x::i, XXII, 

X 

Y 




X 

-X—- 
X 

X 

X_ 

XXV, :dcvi 

A 



Si 

IV, IX 

X 

X 

X 

0.69 

6.4 


)( 


X 



C4 to C, 

X 

1 to III 

X 

9.00 

83,4 

(mostly in 
comhinations of 

C 6 D types) 

X 

V 

A 

X 

x 

VI to IX, X, 
XIX, ILK, 

XXIV 

X 

X 

X 

X 



D2 E2 

X 

V, XXIII 

T' 

X 

0.26 

2 .4 


X 


X 



total 

X 


X 

10.79 

lOO.O 


X 


X 









zone 


Table 2 

Particulars Regarding Rainfall zones 

Rainfall pattern Gross ' lunnb er of ta luks 

Grouped full part 

area 

(M ha) 


I 

E4 (Cl 

D3) 

Dl 

E3 



1.53 

11 

(!)■ 

-2/3 

II 

E4 (C3 

Dl) 

Dl 

E3 



0.78 

6 

(1) 

-1/3 

III 

E4 (C4) 

Dl 

E3 




0.85 

7 



IV 

E4 (El 

G3) 

Dl 

E3 



0.41 

5 



V 

Dl E3 

(D2 

E2) 

Cl 

Dl 

E2 

0.13 

2 



VI 

Bi E3 

(Cl 

D3) 

Dl 

E3 


2,29 

24 

(D- 

-1/2 

VII 

Dl E3 

(Cl 

D3) 

Cl 

Dl 

E2 

1.14 

21 

(5). 

-1/2 


VIII 

Dl 

E3 

(C2 

D2) 

Cl 

E3 


0.62 

9 


IX 

Dl 

E3 

(C2 

D2) 

Cl 

Dl 

S2 

0.49 

12 

(3)-1/2 

X 

Dl 

S3 

(C3 

Dl) 

Cl 

E3 


0.19 

2 

(3)-1/2 

XI 

Dl 

E3 

(Bl 

(12 

El) 

Cl 

E3 

0.28 

7 

(2)-1/2 


XII 

Dl 

E3 

(A1 Bl C2)C1 E3 

0.11 

2 

(l)-l/2, 
(1) -2/3 

XIII 

Dl 

E3 

(A3 Cl) Cl E3 

0.07 

3 


XI y 

Dl 

E3 

(a 3 Cl) Cl Dl E2 

0.05 

1 

(2)-1/2, 
(2)-1/3 

XV 

Dl 

E3 

(A3 Bl) Cl E3 T2 

0.01 

1 


XVI 

Dl 

E3 

(A3 Bl) Cl Dl E2 

o.io 

5 

(2)-1/2, 
(l)-2/3 

XVII 

Dl 

E'3 

(a 4) Cl Dl E2 

0.03 

3 


XVIII 

D2 

E2 

(A2 Bl Cl) Cl Dl E2 

0.01 

1 


XIX 

Cl 

E3 

(Cl Dl B2)C1D1E2 

0.24 

6 


XX 

Cl 

E3 

(C2 D2)C1D1E2 

0.19 

5 

(l)-l/2 

XXI 

Cl 

E3 

(A4) Cl Dl E2 

0.16 

4 

:cxii 

Cl 

E3 

(A4) Dl Cl E2 

0,11 

4 


XXIII 

C1D1E2 

(D2E2;i ,:1D1E2 

0.13 

2 


XXIV 

C1D1E2 (ClD3) C1D1E2 

0,68 

14 

(l)-l/2 

XXV 

C1D1E2 (A3C1) C1D1E2 

0.13 

2 

(2)-1/2 

JCXVI 

C1D1E2 (A4) C1D1E2 

0.06 

1 

(1) -1/2 


total 


10.79 

160+15 = 

175 


districts 


Bijapur, 
Raichur. 

GuIbarga, 
Raichur. 
Gulbarga 
Bidar 

Chitradurga 
Bel gaum, 
Rcpichur, 
Dharwar, 

Bellary, 

Chitradurga. 

Dhar'/'/ar, 

Shimoga, 

Chitradurga, 

Tu mku r, Ko 1 a r, 

Bangalore, 

Chikmagalur. 

Belgaum, 

Dharwar. 

Tumkur,Kolar, 

Bangalore. 

Dhar^/zar, 

Ghirnoga 

M. Kanara, 
Dharwar, 
Shimoga, 

Hassan. 
Belgaum, 

H.Kanara, 
Shimoga 

N. Kanara, 
Belgaum 
Shimoga, 

'.'I. Kanara 
N.Kanara 
Shimoga, 

N.Kaaara, 

Chikmagalur. 

W.Kanara 

Chilonagalur 

Mandya 

Bangalore 

S .Kanara 
S.Kanara 
Mysore 
Tumkur, 
Hassan, 

Man dy a, Mys stG 
Chikmagalur, 
Hassan,Coorg. 
Coorg 



717 


^•2 Parts Ox the State receive rainfall during the pre 

and post-monsoon periods also» The contrib.ition of the 
rainfall of these periods in different zones is exa lined in 
Table 3 agairxt difx'erent categories of rainfall of the 
southwest monsoon period. The pre and post-i\onsoon period 
rainfall is mo tly of Cl or Cl D1 type - Cl oeing either in 
hay or October. Zones having rainfall beta in pre as v:ell 
as post-monso'. 1 periods in these categories cover only about 
15 -ler cent of the total gross cropped a' ca of the State and 
are confined r-o about 37 tal’jhs of the SLUthern districts of 
Chikmagaluj:, Scuta Kanara, Kassan, Ccorg, Mysore, Maiidya, 
Bangalore and Tmiinir. Zones having rainfall of Cl or 
CIl'l ti/pe in the post-monsoon period only co’’’g: 30 per cent 
of tiie area spread over 30 tal’fcs in the districts of Belgaum, 
Dharwar, Nort'n Kanara, Shimoga, Ghitradurga, Caihmagolur, 
Hassan, Tuuku:, Molar and Sangnlore. The dlsoriccs v;hich are 
least oenefit d by the pre- and post-mon; oon showers are 
Bel3.ary, .xaiohur, Bl iapvr, f-ulbarga and 3: ier accounting 
for a total c .. 43 talul^is, altho-.-r.gh these list.“lets do 
receive some signiflcont rainfall in October. 
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Table 3 


Position of Pre-Monsoon and 
Post-Monsoon Rainfall 

(area = Mha) 


SW monsoon Zones having-rainfall both Zones having rainfall 
categories in pre- as well as post- only in postmonsoon 
monsoon period period 


B1 

Cl Cl 

D1 

Cl Cl 

D1 

Cl 

zonci 

area zone 

area 

zone area zone area 

zone area 

A3/A4 ./GCII 

0.11 X/CI 

0,16 

XIV 

0.05 

XIII 0.07 


. xxy 

0,13 

XVI 

0.10 

XV 0,01 


MXVI 

0,06 

XVII 

0.03 


A1/A2 



XVIII 

0.01 

XII 0.11 

B1 





XI 0.23 

G3/G4 





X 0.19 

C2 

’*nr 

0,19 

IX 

0.49 

VIII 0.62 

G1 


0.24 

VII 

1.14 



xxr/ 

0,68 




D2 

XXIII 

0.13 

V 

0.13 


Area under ail 

actual = 0, 

46 


0.19 . 

0,19 

A cate glories 

/o of State 

gross 

cropped 

1,7 

1.7 



area 

= 4.3 



Area under” ' 

actual ^ 




0,47 

B1/G3/C4 





4,4 

area under 

actual = 1. 

24 


1.76. 

0.62 

G2/C1/D2 ■ 

11* 

5 


16.3 . 

5,7 


Involved 5 

districts 5 

with numb'^x S 

of tallies S 

in paren-* { 

thesis 5 

5 
!! 
5 
5 
0 


a Chilemagalur , 3. Kanar a, 

Hassan, Coorg - (127-) 

B1/G3,'C^: 


C2/Cl/y!2 Handya, Mysore, 
Has sari, T'Ornkur, 
Bangalore - (23) 


BeIgaum, H.Kanar a, 
Shimoga, 

Ghikmagalur(20^) 

IT, ICanar a ,Dli£irwar, 
Shimoga,Hassan(111) 

Belgaum,Dharwar, 

Shimoga, 

Ghitradurga, 

Tumkur ,Kolar, 
Ghiknagalur, 
Bangalore - (43) 
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j Existing Cropping Patterns 

5.1 The gross cropped area in the Sbato in 1969-70 vas 

10,79 Mha. Fiftj’’ five per cent of the cropped area v;as under 
cereals and 15 per cent under pulses. Even though horsegrara 
( Doli chos bifl orus ) is locally important, it is not recorded 
separately out is included under other p’uLses in tne all - 
India statistics. Amongst cereals, ragi has an important 
place in the State. Cereals and pulses togeth r accovint for 


nearly 70 par cent of the gross cropped area. Oilseeds cover 
12 per cent in area, cotton 10 per cent and plantations 3 oor 
cent. Oilseeds, cotton and plantations together contribute a 
quarter of tire gross cropped area. Fodder crops are also 
significan:: in the State's cropping pattern. licvrever, there 
does not seem to bo any uniformity in the reportj.ng of area 
under them. tat'are gprov/n grasses on the hill slopes and 
plateau areas are fed as green and also cut and stached as ha" 
after raiov seasun. In tlie ersinvhilo honbny State s 'oh grasses 


■'/ere reported in tlie croo returns. 


a legacy of this 


■'Tacticc, the areas contiguous v'ith Maharashtra eveii vicv' 
con'ci.'i'.i.e to report those. In some oti'icr paj/ts, C'ri-t'i.vc.;. tod 
foddors are also yometi'aes reported, nu3 to the lach of 
svs temut-io repor ting of fodders ui’th a clear distinction 
bct\/ 3 on th 3 c'lLtivated and nature grov/n fodders there is a 
serious lacuna in the available data. Utilising the av....ila-'io 
crop da.'to., 4d cropping patterns nave oeen distinguisr.ed ir 
the St'-te \.'nich are su'i’arised in Table 4; 


. O'i 
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Table 4 

Smmary of Cropping Patterns 


Predomi¬ 
nant crop 

Patterns rlumber of 
begiming patterns 
with 

Htirnbsr 

of 

taluks 

Total 
patt- 
: erns 

Total 

talulcs 

Gross cropped 
area of taluks 
(M ha) 

paddy 

pdl 

1 

10 ) 





pd2 

1 

12 ) 

r> 

45 

1.45 


pd3 

1 

2 ) 





pd4 

5 

13 ) 




j ai-;ar 

Jl:3 

1 

2 ) 

5 

13 

0.96 

(kharif) 

Jlr4 

4 

11 ) 




jovar 

Jr 3 

4 

14 ) 

7 

18 

2.36 

(rabl) 

Jr 4 

3 

4 ) 




ragi 

12 

1 

16 ) 





13 

4 

24 ) 

7 

46 

1.09 


H4 

O 

6 ) 




sraall 

Mt4 

1 

2 

1 

2 

0.13 

millets 







other 

Pu4 

5 

9 

5 

9 

0.72 

pulse s 







groundnut 

Gn3 

O 
£ .< 

6 ) 





Gn4 

2 

5 ) 

4 

11 

0.84 

cotton 

C3 

3 

6 ) 

7 

21 

2.07 


C4 

4 

15 ) 




planta¬ 

L2 

1 

4 ) 

2 

O 

0.27 

tions 

L3 

1 

4 ) 




vhec.! 

W3 

1 

1 

1 

1 

0.10 

miseel- 


1 

1 

1 

1 

negligible 

lane ous 







total 




4B 

175 

10.79 
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Cropping Patterns of Zones ^Jith »A’ type of ilainfall 
5.2 Cropping patterns involving ‘A* type of rainfall 

in the SW monsoon season are mentioned in Table 5, Paddy 
dominates the arable crops and maize comes next to paddy. 
Because of abundance of rainfall, nat’oral grasses also grow 
in these parts-and, therefore, fodder appears in a inenber 
of cropping patterns. Cattle rearing is common in these 
parts owing to availability of grass fodder, iiowever, as 
the grasfxs are inferior, lacking specially in calcium and 
phosphorus due to the poor nature of soils, the animals are 
short statured and vreak ( malnad breed). The next significant 
feature of many of these zones is the presence of plantation 
crops, e.g,, pepper, cardamom} arecanut, cashewnut, coconut, 
tea, coffee and ruO'.)er. These are chiefly confined to hilly 
belt vrith the exception of arecanut and coconut. Coffee and 
coconut are important crops from area point of viaw. Their 
distribution is shown in Table 6. 
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Table 5 

Cropping Patterns imder 
A1 - A4 Categories. 


Zona 

Rainfall pattern 


Cropping pattern 

All 

D1 33 (A1 B1 G2) Cl 33 


Fdl 

Pd4 R4 F4 J]v5 

AT II 

D1 33 (A3 Cl) Cl 33 


Pdl 

Pd2 L4/B4/M4/V4/F.1 

AIV 

D1 33 (A3 Cl) Cl D1 32 


Pdl 

Pd2 L4/B4/M4/V4/I'4 

.AV 

D1 33 (A3 Bl) Cl 33 


Pdl 


D1 33 (A3 Bl) Cl D1 32 


Fdl 

Pd2 L4/B4/M/V4/F4 

12 P:13 

L3 Pd3 

r/ii 

D1 33 (A4) Cl D1 32 


Pdl 

Pd2 L4/B4/A4/74/F4 




TAM 11 

D2 (A2 Bl Cl) Cl D1 

-.710 

Pd2 L4/E4/Y4/M4 

AAI 

Cl 33 (A4) Cl D1 j?.2 


Pdl 

Aill 

Cl 33 (A4) Bl Cl 32 


Pdl 

Pd2 L4/B4/44/V4/F4 

AA7 

' 31*^51 32 (A3 err Cl Di 

IJT' 

L2 Pd3 

L3 Pd3 

X;CVI 

Cl Dl 32 (A4) Cl Dl 32 


L3 Pd3 

L2 Pd3 


gross cropped ai-ea in 
tlie so zones 

r; 

Wfi of total gross 
cropped area of 
the State, 
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Cropping Patierns of Zones v.-ith 3 Type of Rainfall 
5,3 There are only 2 zones v;iiich oegin v/ith B type 

rainfall of the southwest monsoon season. These are: 

Zone IV - S4 (B1 C3) D1 E3 - Gross cronped area 0,41 M ha 
Zone XI - D1 E3 (B1 C2 El) Cl E3 - " " " 0.23 M ha 

In Both the zones, 31 happens to be the month of J’oly, but 
their characteristics uitli regard to cropping patterns 
differ because of their situation. The two are situated 
far apart. Zone IV is in the northern extreme covering 
parts of Bidar district and its cropping patterns are more 
in line with the contiguous zones II and HI, which will 
be describeu ‘.n the next paragraph. Zone XI adjoins the 
leeside Zones XII and. iCVIII of the Ghat belt. Its 

cropping patterns are given belc^j; 

Pll 

Pd2 L4/B4/F4/M5/V4 

Pd3 34 L4/PU4 

R3 Pul Pd4/L4 

Although the rainfall in this zone is not directly 
adecniato to support a crop of rice, yet it is found in 
varying proportions in all the cropping patterns. This 
is because of the proximity of hills from which the 
resulting downflow of vrater can be easily impo'onded. 
Because of elevations, plantation crocs too figure in 
this zone, so also fodder grasses, hagi appears in this 
zone in significant proportion in some cropping patterns5 


this happens in the 


southern talulrs adjoining the main 


ragi bel 


t. 



Cropping Patterns of Zones with *C' type of Kaini’aH 
in Si/ Monsoon Season 

5*4 Rainfall Zones II to IV cover 13,9 per cent of 

gross cropped area in the northern districts of Bldar, 

Gulbarga and Raichnr, Their patterns are mentioned below; 

zone 3?ainfall pattern cropping pattern 

IV £14 (B1 G3) D1 S3 Jr3 G4 Pu4 JIC5 

Pu4 G4 JR4 Jr4/Jr5 Mt5 GnS 
Pu4 T4 Jr4 Gn4 04/ JlrA 


Pn4 Mt4 04 B4 Jr4 

III M (C4) Dl S3 Jr3 04 T4 Gn4/C4/34 

Pu4 T4 Jr 4 Gn4 04-./ JIC4 

II 'S4 (C3 Dl) Dl S3 C3 Jr4 Ht4/ Pd5 

C4 Jr4 Jhd Mt4/ Gn4/Pu4/B4 


Jr4 Mt4 Gn4 Pu4 


The monsoon rainfall in these zones is precoriinantl^r of 
C type and the month of October receives D type of 
rainfall. The amount of rainfall is not sufficient for 
high Water requiring crops and, therefore, crops taken are 
millet group including jcwar, pulses, groundnut and other 
oilseeds d'oring kharif in genersil. Cotton fig’r:es in 


heavy soils but not prominently. Another deep rooted 
crop, namely, pigeonpea (t.ur) is also grown. Because of 
C and D types of rainfall respectively in. the consecutive 
months of September and October, rabi jowar is also taken 
in varying proportions. It is important in many talulis 


of the two northern districts of Bldar and Gulbarga where 
it occurs in 30 to 50 per cent of the gross cropped area. 
Another crop in rabi ’•>hich significantly occurs in Bidar 
in some of. the c?copplng patteinis in the range of 10 to 30 
per cent area, is gram. It is significant to note that 
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the crops chosen for ra'oi are such that they could carry 
through uibh stored soil raoisture. The rainfall of 
ilovembor onvards is very meagre. 

5.5 The rainfall pattern of Zone 1 is D1 (C3 Dl) 

Cl E3. It occupies 1.8 per cent of the gross cropped area 
In this case too, the rainfall of the monsoon months of 
July to August is of C' type. However, the month of 
October also receives G type of rainfall instead of D 
as ill the case in Zones II to IV. This zone represents 
a narrow strip adjoining to Zone XI and covers parts of 
3 talulcs of Shlmoga district. Because of irrigation 
facilities, paddy figijsres significantly in the cropping 
patterns, which are mentioned belowf■ 

Pdl 

Pd4 R4 0'K4 Gn4 / Pu4 


Pd4 C4 JKA Mt4 

Cropping Pat teams 32 E2 lainfall 
tones of Monsoon Season 

5.6 The CM monsoon season, is least useful .from 

rainfall point of view i.a Zones V and 1X1II representing 
parts of Cliitradurga and tiysore districts and covering 
3,4 per cent of cropped area. Tlieir particulars are 


me rit i o .ne d be 1 o"-r; 


zone 


Y 


.hiIII 


rainfall pattern 


Dl 

.13 

(:02 12) Cl 

Dl 

.?o 

Cl 

Dl 

,32 (D2 D2) 

Cl 

1)1 E?. 


cr opping pattern 

C4 Mt4 Jr4 ,1^4 Pn4 

Pu4 Jbd Mti B4/Gn4/3.4 

/ 

.103 Pul h4/ Gn4 

idol Pul R4/?d4/Gr;t/Pd5 


Cn4 




A some’That redeeming feature of these zones is the rainfa.ll 
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of August to November uhich could be represented as D2 Cl D1 
and read in the order of calendar months. Pulses lilce 
horsegram and Doliohos labl ab, crops of millet group and 
even cotton and .groundnut a.re preferred, Paddy can hardly 
be sustained by rainfallj but it is also taken to some 
extent in Zone XAIII under irrigation. 

Cropping Patterns of the Remaining Areas 
5,7 The gross cropped area In the rest of the State 

constitutes 66,5 per cent of the total. It comprises of 
eight rainfall zones. Zones I; VI and VIII cover partly 
or wholly the northern districts of BljapuTj Eaichur, 
Belgaum, Dharwar and Bellary and Zones VII, IX, XIX, XX and 
iilV the southern districts of Cuitradurga> Chikniagalu:?, 
ihmilvur, IColar, Bangalore, Mandya, Hassan and Mysore. The 
rainfall of June and July is of D type, that of August is 
either D or C, whereas September rainfall is of C type, 
October and Novem.ber are the other two succeeding uionths 


which have either C or D type of rainfall. These zones can 

be essentially grouped into two, viz,, (a) with September 

rainfall mostly of C type and October rainfall of r> type 

and (b) with September and October rainfall of C type and 

rainfall 

November rainfall of D t^rpe. The month of maxinumxin these 
areas is either September or October (September predominating). 
The rainfall of pre-monsoon months is prcdomlnatly of S type.. 
Strategy of crop production is built with Ceptombe"- as the 
key month. Sven when iLharlf crops are taken, attempt is to taka 
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advantage of September-October rains for the late vegetative 
phase, otherwise reliance is on a good cropping season 
commencing with sowing in September, In light soils, Idiarif 
crops are taken and rabi crops are preferred in heavy soils. ' 
In raediini soils, both kharlf and rabi crops are taken 
depending upon the rainfall in early monsoon months. 

5,0 Table 7 presents the cropping patterns of the above 

mentioned zones. In areas where the rainy season extends 
upto October, the emphasis is on cotton, jowar and ground 2 iut 
during kharif (in light to mediiM soils) and .jowar during rabi 
(in heavy soils). In Navalgund area of Dharwai’ even \jheat 
assumes a significant proportion mainly because of heavy 
natm'e of soil, although this crop occupies a minor place in 
the cropping patterns in many other isolated pockets also. 

Hagi stands very conspicuously in many patterns in areas with 
C-D type of rainfall extending up to November, It suits very 
much to be fitted as a second crop after an early kharif crop 
in D1 Cl conditions of .^pril-May, This practice is of 
recent adoption, Paddj'- figures in many patterns of both the 
groups., but it even constitutes a prominent component of 
some patterns specially in (b) group, where rainy season 
extends upto November, The rainfall in itself is not 
sufficient to sustain this crop. The tendency'' is to take 
this crop in places where tank water is available. Attempts 
are made to fit In many other crops like horseg-’am, pigeenpoa, 
sesamam and niger. The proportion of crops is kavariably 
within 10-20 per cent area range so that if failure occurs, 
it vrould not be extensive and at least a few crops could 




even then succeed according to rainfall and soil 
pecularities. This is an ample proof that the area under 
the eight aones under consideration is precarious from 
rainfall point of vievr. Because of the t 5 rpe of rainfall 
distribution) population in many significant stretches has 
lou density and irrigation facility is scarce with the 
result that the land holdings are large and arable farming 
is such that it does not reqiiire intensive methods. There is 
a marked tendency to rear sheep and goats, which fits in 
with the overall circumstances. 


I 

VI D1 E3 (Cl D3) DI B3 

VIII Dl E3 (G2 02) Cl E3 


area = 41.1$^ 


September rainfall mostly G 
October " ” D 

cotton 

G3 Ir4 Mt4/Pd5 
G3 m .Tr4 

G4 Jr4 JizA Mt4/Gn4/ 

Gn4 Pu4/B4/S4/Pd4 
G4 015:4 Gn4 


jowar kharif 
Jk4 G4 Gn4 B4/?u4 
Jk4 C4 Gn4 y4/Pu4 Pd4 Jr 4 
Jx4 Mt4 B4 Gn4/G4/G4 Pu4 


VII Dl S3 (Cl D3) Cl Dl E2 
Ik Dl S3 (02 D2) Cl Dl S2 

XIX C1B3 (CIDUIS) C1D1G2 

XX C1S3 (C2D2) GID 132 

iCIV Cl Dl S2 (Cl D3) ClDl E2 
area = -25,4j? 

September rainfall G 
October “ G 

November " D 


ragi 

K2 Pd4 

V12 Pu4/Pd4Fu4/Pu4 Pd5/Pu4 M4 
R3 Pu4 Pd4/L4 
R3 Gn4 Pd4/Mt4/Pu4/Pu4 Pd4 
li4 L4 Pu4 Ht4/Jk4/Pd4/Mt4 Jk4 
Mt4 R4 ,Jk-l Pu4 

other crops with higher 
percentage 

C3 Ik4 Mt4 
015:3 Pu4 R4/Gn4 
Gn3 B4 n4 
L3 Pd3 


Table 7 

Cropping Patterns in Rainfall Zones accountln 
for 66,5 per cent of Gross Cropped Area 

S4 (Cl D3) Dl 33 
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Jo\^ar rabi 

Jr3 B4 Gn4/C4 

Jr4 B4 Jk4 Gn4AM W4 


gr omidnut 

Gn3 Jk4 C4/W‘-1/P’J4 
Gn4 Jk4 To4 35 
Gn4 Jr4 Jlc4 B4/V/4 


others 

Pd4 C4 Gn4 Pu4 
B4 Jk4 M4 Pu4 Gn4 

Gn4 Mt4 .Ik'-l V/4 C4 
V73 G4 Jlc4 Jr4 

Yield Performance of Crops 
5,9 Districtirise Relative Yield Index (RYI) for different 
crops of Karnataka is presented in Table 8, The performance 
of rice, sugarcane, jowar, maiae, ragi, groundnut and sesamum 
is above the all-India average in varying degrees, but that 
of pigeonpea, gram, cotton and x^heat is below average with 
State RYI being 71, 61, 53 and 30 rerjpectively. The 
performance of bajra shows large variations with the State 
RYI of about 90, The success of crops like rice and 
sugarcane is due to irrigation and intensive care, othervase 
the area represents a millet-cotton - groundnut economy. 


paddy 


Pd4 R4 Jk4 Gn4/Pu4 
Pd4 R4 Pu4/L4 
Pd4 R4 Pu4 S4/Jk4 

other s 


-Jk4 Mt4 34 Gn4/C4/C4 Pu4 
.Ik4 Pu4 R4 Pd4/Gn5 Pd5 
Pu4 Jlc4 Mt4 B4/Gn4/R4 Gn4 
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6 Guidelines for Future Gropnin? Patterns 
6,1 The work on formulation of future cropping 

patterns will consisit of follo\.ring five stagess- 

i) Delineation of rainfall patterns 

ii) Identification of the existing cropping 
patterns 

iii) Assessment of tesa needad ;for jeach, crop 

for national self-sufficiency and the ideal 
locations for its distribution. 

iv) Jinctapositlon of (iii) over (11) for studying 
them together with (1) in order to determine 
possible changes. 

v)'Consideration of related factors like soil, 
irrigation, pressure of pop'olation, needs of 
livestock, proportion of forest vegetation, 
cropped area & c., and then arriving at the 
future cropping patterns on the basis of (iv). 

a 

The scope of*' om’ study envisages ultimately the inclusion of 

all the five steps. Information on rainfall patterns, 

existing cropping patterns and related factors was presented 

in a Working Paper for discussion with the officials of 

Govemment of Karnati^lea, It was also considered advaritageous 

to set in motion the process of thinlclng at the Stats level 

independent of the efforts initiated by the Commission, 

6o2 A summary of questions posed by the Commission 

to the States is given below: 

i) Are existing cropping patterns efficient 
from agronomic as well as economic point 
of vievj? 

iH) If change is ncicessary, which are the areas 
where changes shoiHd be made? 

iii) In the case of existing cropping patterns being 
acceptable at some placesj what' is the scope for 
increasing the prodiiction'level and how? 

iv) At the place whore change is desired, what 
substitute crops will be recommended? The 
changes have to be Mdicated separately for 
rainfed and Irrigated conditions taking into 
consideration the soil factor. 



A ConiinitteG of Experts drawn from various Departments of 
Government of Karnataka and the University of AgricLatural 
Sciences, Bangalore was constituted under the Chairmanship 
of the Director of Research of the University to consider 
various points which emerged from a discussion of the 
Working Paper, The results of their deliberations were 
published^ 


6.3 The prognosis of an all^fclndia character has 

» 

primarily to ensure that the area and yield levels envisaged 
should be in the context of the needs of the country. This 
can obviously be done at the national level only for the 
major crops, but in this process many other equally vittil 
crops, which either occupy less area or are of local 
importance only, are left out. .These crops arc^ bast 
fibres, sugarcane, tobacco, potato, vegetables, various 
condiments and spices, fruits and plantation crops. 

Moreover, full Justice cannot be done in a broad national 
prognosis to local odaphic, ecological, economic and socibil 
factors. It is therefore necessary to evolve cropping 
patterns from the lowest level. This would bo a long drawn 
process for which we have made a beginning, 3ven v/hen local 
experts have developed the patterns, these have to pass the 
test of time in actual practice and might require repeated 


1 . 


Cropping 
Agro-Cli 
October 
He bbal, 


Pattern from Different Rainfall Patterns and 
raatic Regions of Mysore State, UAS, Tech. Seri 
1973, the University of Agricultural Sciences, 
Bangalore - £50024, 
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iiiodification.s* Thus the- process of detanoxnation of 
future cropping patterns wouild be a continuous one- spread 
over a long time span till a fair degree of stability is 
achieved. It will be difficult to fix proportions of 
various crops in the overall crop mix v/ith the same degree of 
preciseness as in the case of existing cropping pattei'‘ns. ' 

Ne intend to lay down in our present study, principles and 
guidelines for this long drawn out process of evolving suitable 
cropping patterns over time. 

6,4 At the outset, it is necessary to state that the 

cropping patterns will have to be thought of separately 
for the irrigated and unirrigated area. If this is done, 
many crops, which occupy minor proportions of area, may 
come out prominently in the irrigated cropping patterns 
and if so, it would automatically suggest a corrective to 
any lopsided allocation of v'ater. Saliont points pertairung 

to some crops, which could be considered in futui-e crop 
planning in Karnatalca are mentioned below: 

Rice 

i) The rice area of the State falling in 
different rainfall categories of the 
SI* monsoon season is Indicated below: 

rainfall % State rice 

category area 

A4/A3 33 

A1/B2 14 

El or less 53 

But for 33 per cent of rice area which falls 
in the coastal strip, the rainfall by itself 
Is not si.if.ficient to support this crop in the 
State and certainly not so in about half the 



area covered by 'B1 or less’ categories. 

Idiarif sov/n crop accounts for about 92 
per cent of area and x^lnter sown crop 8 
per cent. The summer sovm crop is also 
found scattered here and there, but tho 
percentage area is less than one. Both 
high and lo\'/ lying areas are covered under 
paddy. High lying areas suffer considerably 
due to long breaks and as a result, yields 
are la\'/. It is specially so in drilled 
paddy tract of the State, It is obvious 
that water from all possible sources is 
being diverted to raising of this crop. 

The contours of the State are such that the 
impounding of water is made possible in 
many areas, Sven taking note 'of this fact 
and making allowance for the lov; lying 
situations, there is considerable scope for 
making a reduction in rice area; the area 
could profitably be stabilised around 1 M ha. 
Barring the coastal strip and valley sit'oations 
the crop could be kept confined to the low lyin 
positions in command areas of tarJes. The 
upper reaches of command areas of taiiks can 
be released with advantage foi other crops. 

Maize 

ii) The area under maize has gone up from 6,000 
hectares to more than 100,000 hectares and 
3 ''ield levels have been a’fiong the highest In 
the Gounbry, There is ccnsiderabic scope 
for replacing paddy in high lying areas vrith 
maize. It does vrell under irri/pticn botn in 
kharif as well as rabi seasons in most parts 
of the State, 


Cotton 


ill) T'ae eife-ht districts which grow cotton in 


0,000 ha or more ?ire Bidar, Gulbarga, Belgaum, 


Bijapur, Raichur, Dharwar, Bellary and_ 
Chitradurga. The SW monsoon rainfall is B1 C3 
in Bidar, El C3 or C2 D2 in parts of Dhar-w.ar, 

C4 in Beigaiam and Gulbarga, C2 D2 in Bijapur 
and. Cl E'3 in Raichirr, Bollary and Chitradur ga. 
But for about 10 per cent irrigated area in 
Eelgaum Irrigation for the crop is nominal. 

The crop performance in relation to all-India 
average varies between 33 and 60 per cent. 

It is no point taking the crop rainfod under 
the prevalent rainfall conditions. The cj'c.i. 
under rainfed cotton in scarcity areas could 
be divortea to mere remunerative oilseed crops 
line safflovrer and ra.p9-mustard. Rainfr-.!? 


0X1 





cotton coTold be retained in assured rainfall 
zones and better practices developed. For 
getting higher yields, it should receive 
irrigation support, i^’rora the national point 
of view there is need and scope for Increasing 
irrigated cotton area. The coverage can be 
increased from the present 1 M ha to 1,5 M ha 
with 70 % of it at least under irrigation. 

In recent years, performance of new hybrids 
of cotton under irrigation is noted to te 
very premising and highe st yields ©y&r. obtained 
in the country are being reported from Bellary 
and Raichur districts. The possibility of 
shifting the irrigated crop to more assured 
parts of the State and bringing considerably 

larger area i.e, about 1 M ha under Irrigation 
should therefore be examined. Insofar as tte 
water availability is concerned, it is probably 
not going to be a problem. 


Sugarcane 

iv) Karnataka has to play a significant role in 
sugarcane production also because of its high 
yield potential. The present area is only oa 
M ha; it coLiLd be increased to 0.4 M ha and all' 
of it will have to be irrigated. 

Other crops 

v) The existing area of potato is 9,000 ha; 
possibility of increasing it to 20,000 ha 
is worth considering. 

Vi) The needs of green fodder, vegetables, fiercers 
and fruits are going co so increase that every 
village should be able to set ap.art at least 
30, 2, 1 and 7 ha respectively on an average. 

In practice the proportion of area may vary 
from place to place depending upon various 
factors, but the central point not be overlooked 
is that all perishable commodities should be 
produced as near the place of consumption as 
possible, 

vli) Some new crops like sunflower and soyabean 
ce.n be introduced with advantage in ralrifed 
as well as irrigated .areas. Soyabean is 
likely to do well in humid transitional belt 
in rotation with maize and s'unflower all over 
the low rainfall areas in light as well as 
heavy soils. 

Karnataka has good scope for increasing .Its 
area imder tapioca from, the present level of 
600 ha VO 125,000 ha. It can take up cacao 
in about 4,000 ha,. 'South Kansma end adjoining' 


viii) 
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parts offer a promise for eKtension of rubber 
P-Lantetion* Thg Soat© offarit scopo for 
increasing its cashex^r area too. No doubt 
uhat all these crops will be taicen in the high 
rainfall areas toviirds the Ghats, yet there will 
be pressure on iirigation resources too for 
raising nurseries and tending young plantations. 

There is considerable need as well as scope for 
changing the cropping patterns in irrigated areas. The 
present emphasis on paddy can be reduced and other crops like 
cotton, oilseeds, praises and forage crops could be introduced 
with advantage. In heavy rainfall zones and transitional 
belts, maize, cotton and oilseeds could be introduced 
especially in high lying areas in place of paddy. Maize 
and soyabean products will have increasing uses in expanding 
cattle feed and other industries. Maize has been catching 
the imagination of farmers in the State already. Research 
and development work on soyabean will have to be Intensified 
to identify suitable areas for it in the State. In some 
parts of tiiG State, double cropping is a distinct 
possibility oven in rainfed areas, x^rhere tv,^o peaks of 
rainfall occur in Hay and September-October, Groxindnut 
yields are low in light soils and the crop does not ooraa up 
x/ell in heavy soils, especially if saline. Sunflovrer has 
performed "well under such conditions. Safflovrer has also 
performed well both under dry and irrigated conditions, 
specially in heavy soils. This crop could be a good 
substitute for xriieat and cotton in dry areas and for x/heat 
under irrigated conditions. 

6.6 The scope for increasing production in certain 

dry areas of the State where existing cropping patterns 
might require no change over time has also to be examined. 
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For this purpose, besides increased use of various kinds 
of inputs, success i;ould depend to a great extent upon the 
following tiro factors: 

i) Better water management practices - 

iUch practices would have to be developed 
and demonstrated® Farm ponds in evei’y 
holding to store excess water for giving 
irrigation during critical neriods'^are 
already proving nopixLar in dry areas. 

Similar imovatibns should be develoned, 
demonstrated and adopted, 

ii) Appropriate land use planning - Alternative 
crops and their varieties will have to be 
tried and kept ready at liand for sowing 
according to the early or late arrivals of 
rhins in different years. This cafeteria 
approach, which is already gaining ground 
amongst agronomists needs to be more 
intensively followticlin futuro^ ^ For the 
success of this approach, a knowled?:e of 
optimum time of sowing of different'crops 
in relation to the most likely dates of", 
commencement of the rainy spells of required 
amounts is very necessary. A study of this 
tyue has been initiated recently in the 
India Meteorological Department, which could 
be given a tria.l in some selected areas when 
completed. 

The agricultural scientists would have to be constantly 
busy formulating and trying cropping patter;is-"Oh the above 
principles, whicli, in_aQ'jraa of time would assuae relative 
stability. Evolution of cropping patterns has to be a 
gradual process cf acliustraent, A befitting example is that 
of groundnut, which was not a significant crop in the country 
even during the thirties of the century, but India has new 
become one of the leading groundnut producing couitrias of 
the vjorld. The onJ.y difference is that such changes have 
been gradual, few and far between in the past, but now more 
expeditious and deliberate efforts have to be made with a 
vie\\r to make the country self-reliant as quickly as possible. 



Ar.*i>;"Tu I 

Statement I - Dlstrict:ri.se Prec^uency Distribixtion of 
Areas of Taluics in Difforent Class 
Iiaterya!Ls- of Area 


District 

..- 

Kaimber of 

taluks 

with are; 

i (sq kr,i) of 

lotal no. 
of taluks 

less tban 
or eqixal 
to 500 

1000 

J 

I.OQl- [ 
1*300 C 

1 >01 - j 

2000 j 

i 

2001 - 
3000 , 

, 

1, Bangalore 

2 

3 

- 

1 

- 

11 

2, Belgaum 


2 

4 

4 

- 

10 

3. Bellary 

1 

2 

3 

2 

- 

8 

4. Bidar 


2 

3 


— 

5 

5. Eijapur 

•• 

3 

4. 

1 

3 

11 

6. Chil^nagalur 

1 

2 

3 

1 

- 

n 

( 

7. Chitradurga 

1 

3 

.3* 

1 

1 

9 

S. Coorg 


i 

1 


- 

3 

9. Dharwar 

2 

11 

4 

- 

- 

17 

10. Gxilbarga 


.1 

2 

7 

- . 

10 

11. Kassan 

12. Kolar 

1 

1 

/ 

10 


- 

- 

11 

* 



13 , Mandya 

1 

5 

V 

- 

r 

7 

14 . Mysore 

1 

6 

2 

1 

1 

11 

1 5. N.Kanara 

1 

*7 

t 

2 

1 


11 

16, Raichur 

- 

- 

4- 

5 


9 

17 . Shimoga 

- 

3 

5 

1 

- 

9 

1 0 . S.Kanara 


■5 

0 

1 

- 

8 

1 9. Tumkiir 

- 

4 

5 

1 

- 

10 

Total 

12 

79 

51 

28 

5 

175 


Percentage 
of total 


6.9 45.1 29.1 


16.0 2.9 
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statement V - Kormaj. Ilonthly and Annual Potential Evapotranspiration (PG) fcsr selected 
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Arne^ciTTG 1 


Statement VI - Irrigation Statistics 


District 

irrigated area as % of 
cropped area (j-ross) 


■“"‘i fszr 

t area 

- 

served by differen 
;es 

tanls wells ot. 

SO' 

cet 

for distt, 
as a whole 

1 ntmiber of taluks 
! irrigated area oi 

with ■ 

^ oTjy* c 
j canals: 

j1 or 

Jless 

f 

! . .... 

o o 

|20 J 

!-50yi 

1 

% Igreater j 
f-fchan 1 

'50% : 

Galbarga 

2 

10 



- 

3»S" 

28.6 

54.5 

1 4.^ 

Bidar 

3 

5 


- 


- 

8.4 

85.6 

6.C 

Bljapvir 

4 

10 




18.3 

11.6 

67.9 

2,2 

Dharwar 

5 

13 

3 

1 


11.0 

70.2 

11.3 

7.5 

Coorg 

7 

2 

1 



45.6 

30.1 

- 

24.3 

Bellary 

10 

6 

2 



67.0 

14.7 

16.2 

251 

Belgarm 

11 

4 

5 

1 


32.6 

9.5 

46.3 

11.6 

Raichrrr 

11 

6 

2 

1 


S6.7 

2 *6^ 

■10.0 

0,7 

GhifanagaXur 

13 

4 

2 

1 


29. 6 

6 l .6 

4«8 

4.0 

Mysore 

u 

4 

5 

2 

' •• 

64.9 

20 . 4 

12.8 

1.9 

Tumkur 

16 

2 

5 

3 

— 

1.3 

50.0 

40.3 

8.4 

Bangalcre 

17 

- 

S 

3 


4.3 

53.2 

38.2 

4^3 

Hassan 

IS 

1 

2 

5 


14.7 

63.4 

4.4 

17.5 

N»I(anara 

IS 

4 

4 

3 


6.6 

56.4 

6.3 

30.7 

Chitradurga 

19 

4 

3 

1 

1 

5S.1 

24.8 

16.5 

0.6 

Kolar 

26 

- 

2 

9 


1.5 

51. 9 

46.2 

0.4 

S.Kanara 

32 

- 

2 

6 

- 

- 

18.0 

22.1 

5.9 

Mandya 

34 

- 

1 

5 

1 

75.0 

16.2 

6,6 

2.2 

Shimoga 

51 

- 

- 

4 

5 

43.3 

45.8 

1.8 

9.1 

State 

12 

75 

IS 

45 

7 

34.8 

32.6 

22.8 

9.9 


744 







int YII - Land Ul-o Stjttistics - Percentage of Ranart-^jig'Ai’ea (1 969-70) 
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Aiinexure 1 


Statement 'yTII - Frequeney of Talnl-cs in Different Ranges of 

Population Density- 


density per sq km 


District 

Leas 

than 

car 

equal 
to 50 

, • 

0 1 

0 1 1 
1 

101- 
1 50 

1 SI- 
BOO 

- 201 - 
300 

301 - 

500 

greater 

than 

500 

No. 

of 

tal¬ 

uks 

Dist, 

density pep 
sq km 

1♦ Bangalore 

- 


1 

2 

5 

2 

1 

11 

5.19 

2* Tumkur • 

- 


5 

4 

1 



IO 

'S 53 

3, Chitradurge 


4 

2 

1 

2 



9 

129 

4» BellsTy 


4 

2 

1 

1 

— 


8 

111 

5. Coorg 


0 

w 

1 

- 




3 

92 

6» Chikmagalur 


3 

4 

- 




7 

1D2 

7. Belgaum 


1 

3 

3 

2 

1 


10 

180 

8. Bijapur 


3 

6 

2 




11 

116 

9« Dharwar 


1 

8 

7 



1 

17 

170 

1 0, Bidar 


- 

3 

2 



M. 

5 

151 

11, Gulbarga 


4 

5 

1 

_ 



10 

109 



1 

0 

4 

1 



CS 

i ^-1 

< Ay # lido odll 




— 

— 

0 

1 b1 

1 3, Kolar 


- 

3 

5 

2 

1 


11 

135 

I 4 , Mandya 


- 

1 

1 

3 

2 


7 

1532 

1 5 . tlyscare 


3 , 

• 1 

3 

2 

.1 

1 

11 

163 

16, North liinara 

2 

5 

2 

1 

1 



11 

«83 

17 , Raichur 


6 

3 


— 



9 

1502 

1 0 , Shimoga 


3 

3 

2 

1 



9 

123 

19 , South Kp,nara 


1 

1 

3 

- 

2 

1 

8 

235 


2 

41 

5^3 

42 

21 

9 

4 

175 

.1 53 

Percentage -^q 
total 

1 • 2 23,4 

32,0 

84.0 

12,0 

5.1 

2.3 




746 
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Annexure I 

Statement X - Availability of Power (HP) per Hectare of Cultivab 
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Annexure 6 

Areas under Crops in Taluks arranged according to State Rainfall 
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Annexxire 6 contd. 

Rainfall Zone VIII Rainfall Pattern D1E3(C2D2)C1E3 




Anne:<ure 6 (contd •) 

Hainf- 11 Zone - IX R'linfall Pattern D1E3('C2D2)C1D1E2 
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Annexure 6 (contd,) 

Rainfall Zone i ji, contd. Rainfall pattern D1E3(C2D2)C1D1S2 
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Annexure 6 (contd.) 

Rainfall Zone XDC Rainfall pattern G 1 E 3 (G 1 B. E 2 ) CIDIEE 
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Annexure 6 (cont-d.) 

Rainfall Zone XXIV ___ Rainfall pattern ClDlE2 (ClD3 )clDlE2 
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xiNNEXDBE 8 


(Ifeilnfall and Cropping Patterns, Karnataka) 
Iliis iinnexiire contains the following large 
size maps'-on 1 : 1 M scale:- 

MrkP I liainfall Patterns 

MilP II Month of Maximum Bainfall together with 

iialnfall ^imount and iiainy i>ays of Two 

Consecutive Months including the Month 
of Maximum 

MAP III Cropping Patterns 
Map IV Livestock Patl^ms 
MAP V Soils 

5 large sized sheets 



